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Lumbar spinal stenosis (LSS) is defined as a reduction in the diameter of the spinal canal, lat-
eral nerve canals, and/or neural foramina, due in most cases to a degenerative process of the 
lumbar spine, leading to radicular and/or back symptoms and disability. LSS is the most com-
mon indication for lumbar spine surgery at an age of over 65 years. Good to excellent results 
have been reported in no more than two-thirds of cases on average.
The aims of this work were: 1) to systematically review preoperative predictors in LSS; to 
assess the predictive value of 2) particularly depressive symptoms and 3) sixteen other predic-
tors of the two-year outcome; and 4) to examine whether postoperative rehabilitation improves 
the postoperative outcome of LSS. 
The systematic review included a total of 21 prospective articles fulfilling the criterion of in-
cluding preoperative predictors and clinical outcome measures in LSS. For the clinical trial, 102 
LSS patients who had been selected for operative treatment were included. Questionnaires and 
the evaluation by a physiotherapist were used preoperatively and up to the 24-month follow-
up. For postoperative rehabilitation, patients were randomized into a rehabilitation group or a 
control group. Three months postoperatively, once-a-week exercise training sessions (lasting 12 
weeks) were started. A physiotherapist supervised the exercises. This 12-session intervention 
was repeated one year postoperatively.
In the systematic review, preoperative predictors of the postoperative outcome were identi-
fied. In the clinical trial, depressive symptoms strongly predicted worse postoperative disabi-
lity and symptom severity. Predictors for good functional improvement were regular analgesic 
treatment ≤12 months preoperatively, above average self-rated health and non-smoking. An 
age of less than 75 years and no previous lumbar operation predicted good satisfaction with 
the surgery. Postoperative rehabilitation did not improve the surgical outcome of LSS.
National Library of Medical Classification: WE 725
Medical Subject Headings: Follow-Up Studies; Outpatients; Pain; Postoperative Period; Preoperative Period; 




Lannerangan ahtaumataudin leikkaustulosta ennustavat tekijät ja leikkauksen jälkeisen avokuntoutuksen vai-
kuttavuus – Kahden vuoden ajallisesti etenevä seurantatutkimus, 56 s.
Itä-Suomen yliopisto, terveystieteiden tiedekunta, 2013






Lannerangan ahtaumatauti (englanniksi lumbal spinal stenosis, jäljempänä LSS) määritellään 
selkäydinkanavan, hermojuurikanavien ja/tai hermojuuriaukkojen kaventumiseksi joh-
tuen useimmiten lannerangan degeneratiivisista muutoksista, jotka aiheuttavat alaraaja- ja/
tai selkäoireita sekä toimintakyvyn heikkenemistä. LSS on yleisin selkäleikkauksien syy yli 
65-vuotiailla. Leikkaustulokset ovat erinomaisia tai hyviä keskimäärin vain kahdessa kolma-
sosassa tapauksista.
Tutkimuksen tavoitteet: 1) tehdä systemoitu kirjallisuuskatsaus leikkausta edeltävistä eli 
preoperatiivisista ennustekijöistä; määrittää 2) erityisesti masennusoireiden ja 3) 16 muun en-
nustekijän ennusarvo kahden vuoden seurannassa; sekä 4) tutkia parantaako leikkauksenjäl-
keinen kuntoutus LSS:n leikkaustulosta.      
Systemoituun katsaukseen otettiin mukaan 21 artikkelia, jotka sisälsivät ajallisesti etenevän 
tutkimusasetelman, leikkausta edeltäviä ennustekijöitä ja kliinisiä tulosmuuttujia. Kliiniseen 
tutkimukseen otettiin 102 leikkaukseen valittua LSS-potilasta. Kysymyslomakkeiden täyttä-
minen ja fysioterapeutin tutkimukset suoritettiin ennen leikkausta ja leikkauksen jälkeen 24 
kuukauden seurantaan saakka. Potilaat satunnaistettiin harjoitteluryhmään ja kontrolliryh-
mään. Kolme kuukautta leikkauksesta harjoitteluryhmä aloitti kerran viikossa tapahtuvan 
fysioterapeutin ohjaaman harjoittelun (kesto 12 viikkoa). Tämä toistettiin vuoden kuluttua 
leikkauksesta. 
Systemoidussa katsauksessa määritettiin kirjallisuudessa mainitut preoperatiiviset ennus-
tekijät. Kliinisessä tutkimuksessa masennusoireet ennustivat voimakkaasti leikkauksen jäl-
keen heikompaa toimintakykyä ja voimakkaampia oireita. Hyvää toimintakyvyn paranemista 
ennustivat enintään 12 kuukauden säännöllinen kipulääkkeiden käyttö ennen leikkausta, kes-
kimääräistä parempi itse arvioitu terveydentila ja tupakoimattomuus. Hyvää leikkaustyyty-
väisyyttä ennustivat ikä alle 75 vuotta ja aiemmin leikkaamaton selkä. Leikkauksenjälkeinen 
kuntoutus ei vaikuttanut leikkaustulokseen.
Yleinen Suomalainen asiasanasto: kuntoutus; lanneranka; leikkaushoito
VIII
IX




This study was carried out at the Department of the Physical and Rehabilitation Medicine, 
Kuopio University Hospital, during the years 2000–2006. I am deeply grateful to all the people 
who have contributed to this work at Kuopio University Hospital and outside of it. In particu-
lar, I wish to thank:
Docent Olavi Airaksinen, M.D., Ph.D., Head of Department of Physical and Rehabilitation 
Medicine, my principal supervisor, for introducing me to this study and for his keen support 
during this work. I am also grateful for all the guidance and other practical advice in real life; 
Professor Heikki Kröger, M.D., Ph.D., my second supervisor, for pleasant collaboration and 
constructive criticism; the fundamental support from the start in enabling fluent co-work 
with the Department of Orthopaedics, which was crucial for the successful completion of this 
study; Docent Arto Herno, M.D., Ph.D., my third supervisor and “personal trainer” in the very 
first years at Kuopio; based on his former work on LSS from the 1980s, this experience created 
the basis for the planning and carrying out of this “ENNUSSTENOOSI” project. The way of 
thinking as a specialist in orthopaedics, physical and rehabilitation medicine connected with 
philosophical aspects gave such memorable colour to both scientific and clinical work.
Professor Heimo Viinamäki, M.D., Ph.D. for his advice concerning the inclusion of psycho-
logical scales and their use, which created the basis for the study of psychological aspects; his 
sincere contribution, constructive criticism and effective motivation advanced this work in a 
joyful manner. Docent Sanna Sinikallio, Ph.D. for her later but unforgettable contribution to this 
project, as a productive researcher in the area of psychological factors in LSS. At Tarina Hospital 
and after that, it has been always pleasant discuss this study, but also other miscellaneous inte-
rests at occasional meetings. Docent Soili Lehto, M.D., Ph.D., for her sincere contribution to the 
second original study.  
Professor Markku Alen, M.D., Ph.D., for the fruitful discussions, support and the crucial 
contribution to the systematic review and postoperative rehabilitation studies. Docent Antti 
Malmivaara, M.D., Ph.D., for his key contribution to the systematic review in its various stages. 
During the four years, I have learnt a lot about scientific thinking. 
Other co-authors of the original publications: Veli Turunen, M.D., and Sakari Savolainen, 
M.D., Ph.D., for crucial practical help in the recruitment and operative phases; Docent Ville 
Leinonen, M.D., Ph.D., for all contributions, help and practical advice; Liisa Salmi, M.A., 
M.S.(Hons), for developing and applying the literature review method in the systematic re-
view; Tapani Saari, M.D., neuroradiology, for planning the MRI method and analysing the 
pre- and postoperative MR images. Professor Francesco Kovács, M.D., Ph.D., Rosa Jiménez, 
M.D., Ph.D., Juan Andrade, M.D., and Antti Tapaninaho, M.D., Ph.D., as other co-authors of 
the systematic review.
I am very thankful the surgery study nurses Riitta Toroi at the start of the study, for all her 
help and briefing me on surgical patient flow, and Elina Jalava for later assistance.
I owe my deepest gratitude to all the personnel of the DPRM for their help, encourage-
ment and good company during this study; especially physiotherapists Leena Hersio, Paula 
Heiskanen, Minna Siitari and Jaana Tervo for the physiotherapeutic evaluation of 102 patients 
preoperatively and in follow-ups, and performing the postoperative rehabilitation, as well as 
secretaries Riitta Kesti and Anneli Luukkainen for arrangements concerning patient flow.
XII
I warmly thank all the operating surgeons and neurosurgeons; docent Jaakko Rinne, M.D., 
Ph.D., for also enhancing the recruitment of neurosurgical patients at the start of the study; 
Professor Seppo Soimakallio, M.D., Ph.D., and the nurses of the Department of Radiology for 
fluently arranged MR images in connection with the study protocol. Pekka Kuittinen, M.D., 
for MR images and technical assistance. Tommi Kääriäinen, M.D., for co-work, encouragement 
and good company at work and in leisure.
Docent Markku Kankaanpää, M.D., Ph.D., and Docent Kimmo Vihtonen, M.D., Ph.D., the 
official referees of this thesis, for valuable comments and positive criticism to improve the 
manuscript – the “Pyramid” was a great idea.
Docent Jari Arokoski, M.D., Ph.D., for teaching, encouragement and much valuable advice 
and help at the start of the scientific work; also, the memorable discussions concerning work 
and life; Timo Miettinen, M.D., Ph.D., for teaching me about rehabilitation and for encourage-
ment, in addition to many discussions in occasional meetings. Docent Eeva Leino, M.D., Ph.D., 
for the possibility to integrate the study research and work in the Department of Rehabilitation; 
for teaching me to understand the deep principles of the evaluation of patients with a dec-
reased working ability and their rehabilitation; all this enhanced the dissertation and made 
the work in clinical practice much easier. 
At Kyyhkylä since 2006: Professor Veli Matti Huittinen, M.D., Ph.D., the Chairman 
of Kyyhkylä Foundation, for encouragement, support and collegiality; colleagues in the 
Kyyhkylä Rehabilitation Center and Hospital executive team, Riitta Smolander and Aino Maija 
Lempiäinen, for all their support; all the “Mikkelin Fysiatrit” for encouragement, support and 
collegiality. 
For statistical advice I thank Professor Seppo Sarna, Vesa Kiviniemi and Pirjo Halonen. 
For language checking of some articles, especially for “big work” with the systematic review, 
Ewen MacDonald; for revising the rest of the articles and the whole thesis, Roy Siddall, Ph.D. 
Numerous friends both at work and in leisure time have inspired and encouraged me 
during the time I have carried out this study. In particular, I warmly thank my friends Eero 
Kolehmainen and Tommi Hurri with their families for good company, support and encoura-
gement.
I am most deeply grateful my parents Irene and Kauko for their great interest and support 
for my work during these years; my brother Jukka and his family for all their support and 
especially reminding me about the balance between work and leisure.
Finally, my loving wife Leena for her love, patience and support; and my lovely daughter 
Aino, who has given me joyful power in the writing.  
This study was financially supported by an EVO grant from Kuopio University Hospital 
and the Finnish Cultural Foundation (Hulda Tossavainen Foundation 2003; Aili and Leo 





List of the original publications 
This dissertation is based on the following original publications: 
I Aalto TJ, Malmivaara A, Kovacs F, Herno A, Alen M, Salmi L, Kröger H, 
Andrade J, Jiménez R, Tapaninaho A, Turunen V, Savolainen S, Airaksinen O. 
Preoperative predictors for postoperative clinical outcome in lumbar spinal 
stenosis: systematic review. Spine 31:E648-663, 2006. 
II Sinikallio S, Aalto T, Airaksinen O, Lehto SM, Kröger H, Viinamäki H. 
Depression is associated with a poorer outcome of lumbar spinal stenosis 
surgery: a two-year prospective follow-up study. Spine 36:677-682, 2011. 
III Aalto T, Sinikallio S, Kröger H, Viinamäki H, Herno A, Leinonen V, Turunen 
V, Savolainen S, Airaksinen O. Preoperative predictors for good postoperative 
satisfaction and functional outcome in lumbar spinal stenosis surgery - a pro-
spective observational study with a two-year follow-up. Scandinavian Journal 
of Surgery 101(4):255-60, 2012.
IV Aalto TJ, Leinonen V, Herno A, Alen M, Kröger H, Turunen V, Savolainen S, 
Saari T, Airaksinen O. Postoperative rehabilitation does not improve func-
tional outcome in lumbar spinal stenosis: a prospective study with 2-year post-
operative follow-up. European Spine Journal 20:1331-1340, 2011. 




1 IntroductIon ........................................................................................................................ 1
2 revIew of the lIterature .............................................................................................. 3
2.1 Anatomy of the lumbar spine ................................................................................................ 3
2.1.1 The bony and connective tissue structures of the lumbar spine and formation of 
the lumbar spinal canal ................................................................................................ 3
2.1.2 The neural tissues of the lumbar spine ........................................................................ 4
2.1.3 The blood supply of the spinal cord ............................................................................. 5
2.1.4 The muscles contributing the stability and movements of the lumbar  
spine (according to Moore 1985) .................................................................................. 5
2.1.5 Posture-related changes in structural dimensions of the lumbar spine ................. 6
2.2 Classification of LSS ................................................................................................................ 7
2.2.1 Aetiological classification of LSS .................................................................................. 7
2.2.2 Anatomical classification of LSS ................................................................................... 7
2.3 The radiological imaging and grading of LSS  .................................................................... 9
2.3.1  Imaging methods ........................................................................................................... 9
2.3.2 Grading of central stenosis ............................................................................................ 9
2.3.3 Grading of lateral stenosis ........................................................................................... 10
2.3.4 Reliability of radiological findings in LSS ................................................................. 10
2.4 Pathomorphology and –physiology of LSS ........................................................................ 10
2.4.1 Degenerative process .................................................................................................... 10
2.4.2 Effect of lumbar extension, flexion and axial loading ............................................. 11
2.4.3 Multilevel stenosis and vascular theories ................................................................. 11
2.4.4 Degree and duration of nerve root compression ...................................................... 12
2.4.5 Motor deficit in LSS ...................................................................................................... 12
2.5 Diagnosis of LSS  ................................................................................................................... 12
2.6 Differential diagnosis in LSS  .............................................................................................. 13
2.6.1. Vascular claudication ................................................................................................... 13
2.6.2 Distal nerve entrapments ............................................................................................ 13
2.6.3. Osteoarthritis ............................................................................................................... 13
2.6.4 Trochanter and gluteal bursitis  .................................................................................. 13
2.6.5 Others ..............................................................................................................................14
2.7 Conservative treatment of LSS  ............................................................................................14
2.7.1 General principles ..........................................................................................................14
2.7.2 Medical treatment ......................................................................................................... 15
2.7.2.1 Analgesics, anticonvulsants and opioids ....................................................... 15
2.7.2.2 Muscle relaxants ................................................................................................ 16
2.7.2.3 Calcitonin ........................................................................................................... 16
2.7.2.4 Antidepressants ................................................................................................. 17
2.7.2.5 Other medication .............................................................................................. 17
2.7.2.6 Epidural injections ............................................................................................ 17
2.7.3 Passive treatments ......................................................................................................... 18
2.7.4 Corset-type braces ......................................................................................................... 18
2.7.5 Active physiotherapy and exercises in LSS ............................................................... 18
2.7.6 Evidence of rehabilitation in low back pain .............................................................. 18
2.7.7 Behavioral treatment for chronic low-back pain  ...................................................... 19
XVI
2.8 Surgical treatment of LSS ..................................................................................................... 19
2.8.1 Surgical technique ........................................................................................................ 20
2.8.2 Outcome measures in LSS ........................................................................................... 20
2.8.3 The results of surgical treatment in LSS .................................................................... 21
2.8.4 Postoperative rehabilitation  ........................................................................................ 22
2.9 Predictors of surgical outcome in LSS ................................................................................ 22
3 aIms of the study ............................................................................................................. 23
3.1 General aims .......................................................................................................................... 23
3.2 Specific aims .......................................................................................................................... 23
4 methods .................................................................................................................................. 25
4.1 Systematic review (I) ............................................................................................................. 25
4.1.1 Searches carried out for the systematic review ......................................................... 25
4.1.2 Quality assessment of included studies ..................................................................... 25
4.2 Prospective clinical trial (II-IV) ........................................................................................... 26
4.2.1 Inclusion of patients in clinical studies (II–IV) ......................................................... 26
4.2.2 Surgical treatment (II-IV) ............................................................................................ 26
4.2.3 Outcome measures (II–IV) .......................................................................................... 26
4.2.4 Statistical analysis ......................................................................................................... 29
4.2.5 Imputations (III–IV) ..................................................................................................... 30
5 results ..................................................................................................................................... 31
5.1 Systematic review: Quality and number of predictors (I)  ............................................... 31
5.2 Two-year clinical outcome of 102 operated LSS patients  ................................................ 31
5.3 Depression is associated with a poorer outcome of lumbar spinal stenosis  
surgery (II)  ............................................................................................................................. 31
5.4 Preoperative predictors for two-year postoperative satisfaction and functional  
outcome in LSS: a prospective observational study (III)  ................................................. 35
5.4.1 Predictors for good satisfaction ................................................................................... 35
5.4.2 Predictors for good functional improvement ........................................................... 35
5.5 Postoperative rehabilitation does not improve functional outcome in LSS (IV) ........... 35
6 dIscussIon.............................................................................................................................. 37
6.1 Background to the setting hypothesis and the start of  the study .................................. 37
6.2 Recruitment of patients and methodological aspects  ..................................................... 37
6.3 Drop-outs ............................................................................................................................... 38
6.4 Predictors and their outcome specifity in the systematic review ................................... 38
6.5 The role of the Beck Depression Inventory as an indicator of a worse outcome .......... 39
6.6 Significance of other identified predictors  ........................................................................ 40
6.7 Methodological aspects in postoperative rehabilitation .................................................. 43
6.8 Summary of the discussion ................................................................................................. 44
7 conclusIons and recommendatIons ................................................................. 45




BDI Beck depression inventory 
BMI Body mass index




DARE Database of abstracts of 
reviews of effectiveness
DPRM  Department of physical and 
rehabilitation medicine
DSCA Dural sac cross-sectional 
surface area
FBE Frequency of back exercise 
training
GLM General linear regression 
model
GP General practitioner
HTA Health technology assessment
HQ High quality (study)
i.e. That is (an abbreviation for 
the Latin phrase id est)
kg Kilogram
L1-5  Lumbar vertebrae 1-5
LI-V Lumbar nerves I-V
LBP Low back pain
LSS Lumbar spinal stenosis 








MRI Magnetic resonance imaging
MWU Mann-Whitney U-test
N (or n) Number
NHS National health service
NHSEED National health service 
economic evaluation database
NRS-11 Numeric rating scale 0-10
NSAID Non-steroidal anti-
inflammatory drug
ODI Oswestry disability index
OM Outcome measure 
OR Odds ratio
PLO Previous lumbar operation
s Second
S1-5  Sacral vertebrae 1-5
SI-V Sacral nerves I-V
SD Standard deviation
VAS Visual analogue scale
VC Vascular claudication
vs. Versus




Lumbar spinal stenosis (LSS) is a syndrome that was first described by Verbiest in 1954 (Verbiest 
1954). LSS is defined as a reduction in the diameter of the spinal canal, lateral nerve canals, 
or neural foramina, due in most cases to a degenerative process of the lumbar spine, leading 
to symptoms and disability due to the reduced space available for the nerve roots and cauda 
equine (Rauschning 1993, Herno 1995, Hai 2004).
The diagnosis of this syndrome is based in the clinical history and radiographic evidence 
of demonstrable stenosis (Schönström et al. 1985, Spengler 1987, Katz et al. 1995, Watters et al. 
2008). 
The clinical history, i.e. symptoms and disability (current and previous) described by the 
patient, should be taken in a standardized way: the location, frequency and severity of pain as 
well as other symptoms, including numbness, tingling and balance, and aggravating factors 
should be enquired (Katz et al. 1995). Radiological imaging should demonstrate spinal stenosis 
that can explain the symptoms and also exclude other symptom aetiology. 
The role of the clinical examination remains supplemental, because no specific diagnostic 
pattern for LSS can be found.  Severe motor weakness is an infrequent symptom in the course of 
LSS (Amundsen et al. 1995). Regarding the clinical examination, however, differential diagnostics 
can be performed, especially with respect to vascular claudication (pulse palpation), polyneu-
ropathy (monofilament test and reflex examination) and other symptom aetiologies that can be 
approached with inspection and manual examination. There is growing evidence of the role 
of electromyography testing in setting the diagnosis of LSS (Haig et al. 2007, Yagci et al. 2009). 
However, the presence or absence of LSS can only be verified with radiological imaging. 
The classical symptom of LSS is neurogenic intermittent claudication. Patients suffer from 
radicular symptoms in the lower extremities during walking, and more persistent radicular 
symptoms may also occur (Herno 1995). Patients have often already had back pain before leg 
pain (Jönsson and Strömqvist 1993). Most patients (up to 95%) treated surgically have only sub-
jective symptoms, mainly pain (Pheasant and Dyck 1982; Hai 2004). Neurological abnormali-
ties are most common in central stenosis (Jönsson and Strömqvist 1993). The symptoms reduce 
the walking ability, and other activities of daily living and working ability may be threatened 
during the progression of the degenerative changes. In the natural course of LSS, according 
to a mean observation period of 49 months, only 15% of patients suffered a deterioration of 
symptoms, 15% showed improvement, and 70% felt that the symptoms remained unchanged 
(Johnsson et al. 1992). It is notable that over 20% of asymptomatic persons aged over sixty years 
may have stenotic findings (Boden et al. 1990).
LSS is the most common indication for lumbar spine surgery in adults aged over 65 years 
(Taylor et al. 1994). Good to excellent results have been reported in 62–76% of cases (Weinstein 
et al. 2008 and 2010; Malmivaara et al. 2007, Postacchini 1999, Turner et al. 1992).  As the life 
expectancy increases in Finland and western countries, the amount of surgical treatment will 
increase concurrently with the aging of the population, if indications for surgery are kept the 
same. Based on the surgical results in LSS, approximately three out of ten operated LSS patient 
will have other than a good to excellent result following surgery. Thus, there is a need to try to 
improve the outcome of LSS surgery. In addition to advances in surgical techniques, improve-
ment of the outcome could be achieved through better knowledge of outcome predictors, and 
with postoperative rehabilitation.
2Thus, the literature on predictors should be systematically reviewed to document the exist-
ing knowledge of predictors based on prospective LSS studies. Because there have been no 
earlier studies on postoperative rehabilitation in LSS, a randomized trial is needed to explore 
its effects. 
32 Review of the literature
2.1 ANATOMY OF THE LUMBAR SPINE
Lumbar spine anatomy had been described in detail in books by Bogduk and Twomey (1991) 
and Moore (1985). The essential structures of the lumbar spine and structures contributing 
to the symptoms and formation of stenosis are described here based on these books, unless 
otherwise stated. 
2.1.1 the bony and connective tissue structures of the lumbar spine and formation of the 
lumbar spinal canal
The vertebral column, commonly called the spine (backbone), forms the skeleton of the back 
and it is part of the axial skeleton. The adult vertebral column usually consists of 33 bones 
called vertebrae, but only 24 of them (7 cervical, 12 thoracic, and 5 lumbar) are movable. The 
five sacral vertebrae are fused to form the sacrum¸ and the remaining four vertebrae are usu-
ally fused to form the coccyx.
The last thoracic vertebra is above the first lumbar vertebrae (L1), forming the thoracolum-
bar junction. The lowest intervertebral disc is below fifth lumbar vertebra, just above the sa-
crum, thus forming the lumbo-sacral junction.
The lumbar vertebrae (Figure 1) are connected by resilient intervertebral discs that enable 
movements between vertebrae and absorb axial shocks. The intervertebral disc is composed 
of two parts: the annulus fibrosus, which runs obliquely from one vertebra to another, and the 
nucleus pulposus, which is surrounded by the the annulus fibrosus. The discs provide the strong-
est attachment between the vertebrae.  The lumbar vertebrae are also connected to each other 
by paired, posterior zygapophyseal joints (facet joints) between the articular processes, and by 
anterior- and posterior longitudinal ligaments. The anterior longitudinal ligament is attached 
to anterior edge of vertebral bodies and intervertebral discs, running from the pelvic surface of 
the sacrum to the anterior tubercle of the atlas and the base of the skull. The posterior longitu-
dinal ligament runs inside the vertebral canal from the atlas to the sacrum, and is attached to 
the posterior edges of vertebral bodies and intervertebral discs, being the anterior part of the 
central spinal canal. These ligaments and joints generally prevent excessive extension (anterior 
ligament) and flexion (posterior ligament) of the lumbar column.
The posterior part of the vertebral canal is formed by the ligamentum flavum between bony 
laminae, which are connected anteriorly to vertebral bodies via pedicles. The pedicles thus form 
the bony structure of the lateral part of the central spinal canal, and between pedicles there 
are intervertebral foramina. The posterior part of foramen consists of articular processes and the 
intervertebral joint, while the anterior part of the foramen is comprised of the posterior part of 
the disc and body of the vertebra (covered by posterior longitudinal ligament). Two vertebrae, 
their intervertebral disc and facet joints form the functional spinal unit (Pope and Novotny 
1993).
4Figure 1. Normal anatomy and central stenotic pathology in the different levels of the lumbar 
spine. Left: Sagittal view of the lumbar spine. Right (transversal view): Normal vertebra (above) 
and stenosis in the central spinal canal (below). Published with permission from © 2008 Haderer 
& Muller Biomedical Art, LLC; www.haderermuller.com.
2.1.2 the neural tissues of the lumbar spine
The spinal cord is the part of the central nervous system that lies in the vertebral canal. The 
spinal cord is a cylindrical structure that is slightly flattened anteriorly and posteriorly. It is 
protected by the vertebrae, their ligaments, the spinal meninges (dura mater, arachnoid mater 
and pia mater) and cerebrospinal fluid. Between dura mater and arachnoid mater there is a 
potential space, called the subdural space, containing only a capillary layer of fluid. Between 
the arachnoid and pia mater there is an actual space, called the subarachnoid space, containing 
cerebrospinal fluid and the vessels of the spinal cord. In adults the spinal cord usually ends at 
the inferior level of the L1 vertebra, occupying the superior two-thirds of the vertebral canal. 
The end of spinal cord is called the conus medullaris. The lumbar and sacral spinal nerve roots 
form in the subarachnoid space a bundle caudal to the termination of the spinal cord, called 
the cauda equina. The cauda equine is covered by the arachnoid and dura mater, which forms the 
dural sac from the level L2 to its inferior end at the level of S2. The filum terminale is a slender 
fibrous strand that starts from the conus medullaris, continuing in the subarachnoid space and 
attaching to the dural sac at level S2; its extradural prolongation inserts into the dorsum of the 
coccyx. The filum terminale, which has no functional significance, consists of connective tissue, 
pia mater, and neuroglial elements.  
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There are 31 pairs of spinal nerves attached to the spinal cord by dorsal and ventral roots. The 
ventral roots leaving the cord contain efferent (motor) fibres, whereas the dorsal roots entering the 
cord contain afferent (sensory) fibres. The cell bodies of axons making up the ventral roots are in 
the ventral grey horn of the spinal cord, whereas the cell bodies of axons making up the dorsal 
roots are outside the spinal cord in the spinal ganglia (dorsal root ganglia). The dorsal root of each 
spinal nerve has a spinal ganglion that is located in the intervertebral foramen, where it rests 
on the pedicle of the vertebral arch. Distal to the spinal ganglion and just outside the interverte-
bral foramen, the dorsal and ventral roots unite to form a spinal nerve. The spinal nerve divides 
almost immediately into a ventral ramus (branch) and a dorsal ramus (branch). There are thus five 
lumbar nerves (LI–LV), which after diverging from the dural sac go to the lateral recess and then 
emerge on the lateral side of the vertebra from the lateral foramen. Normally, the first lumbar 
nerve (LI) passes out via the foramen between the first (L1) and second (L2) lumbar vertebrae. 
The LV nerve thus emerges via the foramen between the L5 and the sacrum. The sacral nerves 
pass out anteriorly via the sacral foramens. 
2.1.3 the blood supply of the spinal cord
The spinal cord is supplied by one anterior spinal artery and two posterior spinal arteries. 
These vessels are reinforced by blood from segmental vessels called radicular arteries. The 
anterior spinal artery supplies the anterior two-thirds and the posterior spinal arteries sup-
ply the posterior one-third of the spinal cord. The spinal veins have a distribution somewhat 
similar to that of the spinal arteries. There are usually three anterior and three posterior spinal 
veins. They are arranged longitudinally, communicate freely with each other, and are drained 
by numerous radicular veins. The vertebral canal contains a profuse plexus of thin-walled, 
valveless veins that surround the spinal dura mater. The anterior and posterior spinal veins 
and vertebral venous plexuses drain into intervertebral veins, and via them into the vertebral 
veins, ascending lumbar veins, and the azygos venous system. (Moore 1985).
Arterial vascularization of the cauda equine was described by Parke et al. (1981): each lum-
bosacral spinal nerve root receives its intrinsic blood supply from both distal and proximal 
radicular arteries. Between the proximal arterial supply just below the conus and the distal 
arterial supply, there is hypovascular area of the cauda equine. This area (at approximately 
the level of the L4 root) may provide an anatomical rationale for the suspected neuroischemic 
manifestations concurrent with degenerative changes in the lumbar spine (Parke et al. 1981).
2.1.4 the muscles contributing the stability and movements of the lumbar spine (accord-
ing to moore 1985)
Back muscles
The back muscles are divided for descriptive purposes into three groups: superficial, interme-
diate and deep muscles. The superficial and intermediate groups are extrinsic muscles that are 
concerned with movements of the limbs and with respiration. The deep group constitutes 
the intrinsic back muscles, which are concerned with the movements of the vertebral column. 
They are involved in the maintenance of posture and movements of the vertebral column. 
The intrinsic muscles are covered posteriorly by a tough sheet of fascia, which fuses with the 
aponeuroses of several extrinsic muscles to form the thoracolumbar fascia. The deep layer, i.e. 
intrinsic muscles, are further divided into three layers, named according their relationship to 
the surface. The superficial layer of intrinsic back muscle is in the cervico-thoracic levels.
6In the area of the lumbar spine, the intermediate layer of intrinsic back muscles is formed by the 
large erector spinal muscle lying in the groove on each posterolateral side of the vertebral col-
umn. This massive muscle extends from the pelvis to the skull. The large erector spinae muscle 
divides into three columns in the superior lumbar region: the iliocostalis, longissimus and spinalis. 
All three columns of the erector spinae extend the vertebral column and, acting on one side, bend 
the vertebral column laterally. The erector spinae is the chief extensor of the back. It also slackens 
during flexion of the vertebral column permitting thereby slow, controlled flexion to occur.
The deep layer of intrinsic muscles can be divided into three subgroups based on their location 
and function. The semispinalis muscle is the outer layer, occurring not in the lumbar area but 
only superiorly to the 10th thoracic vertebra. The name of the multifidus muscle indicates that it 
is divided into several bundles. It extends the entire length of the column, being heaviest in the 
lumbar region. The multifidus muscle rotates the vertebral column slightly toward opposite 
side, and stabilizes the vertebral column. The rotator muscles are the deepest group in the groove 
between the spinous and transverse processes, also running the entire length of the vertebral 
column. The rotator muscles extend the vertebral column and rotate it.
The quadratus lumborum muscle, originating from the iliac crest and inserting into the 12th rib 
and processus costales of the first four vertebrae, laterally flexes the lumbar column (Moore 1985). 
The hip extensor muscles (gluteus maximus and biceps femoris) have been reported to partici-
pate in lumbar extension endurance in the isometric Sørensen back endurance test (Kankaanpää 
et al. 1998). Abdominal muscles, the diaphragm, pelvic floor and intra-abdominal pressure have 
been shown to have a significant role in control of the lumbopelvic region (Hodges and Moseley 
2003). Activation of the transversus abdominis muscle has been studied in relation to its partici-
pation in the stabilization of the lumbar spine (Hides et al. 2001, Richardson et al. 2002).
2.1.5 Posture-related changes in structural dimensions of the lumbar spine
The vertebral canal
In the normal lumbar spine, the sagittal dimensions of the vertebral canal increase in flexion and 
decrease in extension of the spine (Sortland et al. 1977, Amundsen et al. 1995). 
Spinal canal dimensions vary in both flexion and extension as well as in rotation of the mo-
tion segment. Dynamic variations in flexions and extension are related to changes in bulging 
of the intervertebral disc and in the thickness and buckling of the ligamentum flavum.
Rotation mainly affects the root canal which narrows due to both changes in the soft tissues 
and reciprocal vertebral displacement (Rauschning 1993). 
The root canals
The root canals increase their vertical dimensions in flexion and they narrow by approximately 
one-fourth in both vertical and sagittal diameters in extension. These dynamic changes are 
caused by the bulging of the postero-lateral region of the disc into the entrance zone of the 
root canal and buckling of the anterior capsule of the facet joint covered by the ligamentum 
flavum (Rauschning 1993). 
The adaptation of the neurovascular structures to the changes in the canals
In spinal movement, the nerve roots have to move and stretch relative to the surrounding 
tissues. Normally, the vertebral and lateral canals have enough reserve space and this allows 
gliding and traction on the neural tissue without clinical symptoms (Hasegawa et al. 1995). 
This epidural space (spinal reserve capacity) is required for tension-free movements of the 
nerve roots (Weisz and Lee 1983). 
72.2 CLASSIFICATION OF LSS
2.2.1 Aetiological classification of LSS
Arnoldi et al. (1976) divided LSS into two major groups according to the aetiology, i.e. congeni-
tal or developmental stenosis and acquired stenosis, and this classification is still probably the 
most widely referred to. Congenital stenosis (primary stenosis) is present at birth as part of a 
malformation and is divided into idiopathic and achondroplastic aetiologies. Acquired stenosis 
(secondary stenosis) is further classified into degenerative, combined congenital and degen-
erative (including herniation of the nucleus pulposus), spondylolytic and spondylolisthetic, 
iatrogenic, post-traumatic, and metabolic as Paget s´ disease (Weisz 1983). Tumour and facet 
joint cysts may also cause stenosis of neural elements (Baum and Hanley 1986). Degenerative 
stenosis is the most common type of LSS (Arnoldi et al. 1976).
2.2.2 Anatomical classification of LSS
Anatomic classification refers to central stenosis (Figures 1-2) and lateral stenosis (Figure 3). 
Central stenosis is considered as a narrowing of the spinal canal across the antero-posterior 
diameter, the transverse diameter, or both (Hai 2004; Postacchini 1999; Woolsey 1986). With a 
further definition according Postacchini, the term stenosis indicates compression of the contents 
of the canal, in particular the neural structures. In the absence of neural compression, the canal 
should only be considered as narrowed (Postacchini 1999).
Lateral stenosis occurs when the spinal nerve is compressed within the nerve root canal or 
the vertebral foramina (Fritz et al. 1998).
Central LSS, commonly occurring at the intervertebral disc level, results from ligamentum 
flavum hypertrophy, an inferior articulating process, facet hypertrophy of the cephalad verte-
bra, vertebral body osteophytosis and herniated nucleus pulposus. (Boland et al. 1985; Carrera 
et al. 1985). 
Many synonyms for lateral LSS have been reported, such as lateral gutter stenosis, subar-
ticular stenosis, subpedicular stenosis, foraminal canal stenosis and intervertebral foramen 
stenosis (Lee et al. 1988). The lateral region has been divided, during the pathway of nerve 
root, into three zones as follows (Lee et al. 1988, figure 3): 
1) The entrance zone is medial to the pedicle and medial or underneath the superior articular 
process. This zone has only anterior (posterior surface of disc) and posterior (facet joint) 
walls.  The most common cause of entrance zone stenosis is hypertrophic osteoarthritis 
of the facet joint. For example, the L4 nerve root is entrapped in entrance zone stenosis 
under the L4 superior articular process. Other causes for entrance zone stenosis include 
developmental variations in facet joints (shape, size, or orientation), a developmentally 
short pedicle, or an osteophytic ridge or bulging annulus of the anterior disc.
2) The mid-zone is located under the pars interarticularis part of the lamina and below the 
pedicle. The anterior border of this zone is the posterior aspect of the vertebral body. 
The posterior border is the pars interarticularis and the medial border is open to the 
central vertebral canal. The neural structures contained in this zone are the dorsal root 
ganglion and ventral motor nerve, which are covered by a fibrous connective tissue 
extension of the dura mater. Two common causes of mid-zone stenosis are osteophyte 
formation under the pars interarticularis, where the ligamentum flavum is attached 
and bursal or fibrocartilaginous hypertrophy at a spondylolytic defect. The pathological 
condition under the pars interarticularis is very difficult to detect on X-ray examination, 
and cannot be easily recognized preoperatively.
8Figure 2. Central stenosis in MRI. 
Left: sagittal view, with severe stenosis at the level L4–5 (level L3–4 is also clearly stenotic).
Right: transversal view (level L4–5).
  
3) Exit zone stenosis involves the area surrounding the intervertebral foramen. The pos-
terior border is the lateral aspect of the facet joint one level below the facet joint of the 
entrance zone of the same lumbar segmental nerve. The anterior border is the disc, 
which is again one level below the disc of the entrance zone of the same lumbar seg-
mental nerve. The neural structure is the lumbar peripheral nerve, which is covered by 
perineurium.  Exit zone stenosis arises from facet joint hypertrophy and subluxation, as 
well as an osteophytic ridge along the superior margin of the disc. The L4 lumbar nerve 
can be entrapped by the subluxed hypertrophic superior articular process of L5, or an 
osteophytic ridge along the posterior margin of the L4–5 disc. Far-out stenosis has also 
been described, being extraforaminal impingement of the nerve root (Hai 2004). 
9Figure 3. Lateral stenosis. 
Left: three possible zones of lateral stenosis by Lee (published with permission from Wolters 
Kluwer Health). Right: Lateral stenosis in MRI (transversal view). 
2.3 THE RADIOLOGICAL IMAGING AND GRADING OF LSS 
2.3.1  Imaging methods
Lumbar myelography was the only procedure for diagnosing LSS in the 1950s. It is still used to 
some extent, especially with computed tomography (CT) and also with MRI (Song et al. 2008; 
Morita et al. 2010), increasing the reliability of these imaging methods. Magnetic resonance 
myelography affords more specific information than conventional MRI in the presurgical di-
agnosis of symptomatic foraminal stenosis (Aota et al. 2007). The disadvantage of myelography 
is its invasiveness. However, it can be performed in a standing position, better reflecting the 
effect of axial loading on tissues surrounding the neural structures. 
In the 1980s CT began play a major role in the diagnosis of LSS. About a decade later, MRI 
also became an important diagnostic tool, being a golden standard in addition to CT in diag-
nosing LSS (Kent et al. 1992). Overall, radiological findings and clinical symptoms have a poor 
(Jönsson et al. 1997a) or no correlation (Amundsen et al. 1995, Shizas et al. 2010). Asymptomatic 
persons may have stenotic findings (Boden et al. 1990). With symptomatic persons, however, 
by combining clinical history, imaging (compression of neural elements due to stenosis) and 
also clinical findings (if present) the diagnosis can be made.
In patients without LSS, Barz et al. (2010) observed the sedimentation of lumbar nerve roots 
to the dorsal part of the dural sac on supine magnetic resonance image scans. In patients with 
symptomatic and morphologic central LSS, this sedimentation is rarely seen. They named this 
phenomenon the “sedimentation sign” and defined the absence of sedimenting nerve roots as 
a positive sedimentation sign in the diagnosis of LSS (Barz et al. 2010). 
2.3.2 Grading of central stenosis
Verbiest (1979) based the diagnosis of (central) LSS on measurements with myelography and 
finally intraoperatively with a stenosis meter. In absolute stenosis the antero-posterior diameter of 
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the spinal canal is ≤ 10 mm, while in relative stenosis the antero-posterior diameter is 10–12 mm 
(Verbiest 1979). Subsequently, several parameters have been proposed in defining central spinal 
stenosis, the prevailing being measurements of the spinal canal or DSCA in either CT or axial 
MRI sequences taken at the disc level. In qualitative evaluation, central stenosis of the spinal 
canal in axial slices has been graded as “none”,  “mild”, “moderate” or “severe” (Lurie et al. 2008). 
In quantitative evaluation, DSCA measuring less than 100 mm2 or 75 mm2 represents rela-
tive and absolute stenosis, respectively (Schönström et al. 1989). In addition to DSCA, stenosis 
grading based on morphology was also reported to define stenosis and to predict the prob-
ability of failure in the conservative treatment of LSS (Schizas et al. 2010)
2.3.3 Grading of lateral stenosis
Qualitatively, the features assessed for LSS, including the severity of the subarticular zone (lateral 
recess) and foraminal stenosis, have been rated as “none”, “mild”, “moderate” or “severe” (Lurie 
et al. 2008), where the subarticular zone was defined as extending from the medial edge of the 
articular facet to the edge of the neuroforamen (Fardon and Millette 2001). A general guideline 
for the severity rating was that mild stenosis represented a compromise of the area in question of 
≤ 1/3 of its normal size, moderate was a compromise between 1/3 and 2/3 of the normal size and 
severe was a compromise < 2/3 of the normal size. The degree of nerve root impingement by the 
foramen has been rated as “none”, “touching”, “displacing” or “compressing” (Lurie et al. 2008). 
Quantitatively, narrowing of less than 3-4 mm between the facet superior articulating process 
and posterior vertebral margin is defined as lateral stenosis (Jenis and An 2000; Lee et al. 1988). 
In a recent study, visual and quantitative analysis of lateral stenosis was performed, analyz-
ing the subarticular zone and foraminal zone separately. With a visual scale, ratings of “nor-
mal”, “narrowing without root compression” and “nerve root compression” have been used. In 
quantitative measurements, the minimal width of the subarticular zone was measured on axial 
T2-weighted images. Similarly, the cross-sectional area of the foraminal zone was measured 
on T1-weighted sagittal images below the pedicle (Sipola et al. 2011).
2.3.4 Reliability of radiological findings in LSS
In MRI by Lurie et al. (2008), the inter-rater reliability in assessing central stenosis was substantial 
(kappa 0.73 (95% CI 0.69–0.77)). Foraminal stenosis and nerve root impingement showed moder-
ate agreement, with a kappa of 0.58 (95% CI 0.53–0.63) and 0.51 (95% CI 0.42–0.59), respectively. 
Subarticular zone stenosis yielded the poorest agreement, with an overall kappa of 0.49 (95% CI 
0.42–0.55). The mean difference in measured dural sac area was 12.8 mm2 (13%) (Lurie et al. 2008). 
In lateral stenosis (foraminal and subarticular zone assessed separately), the visual assess-
ment of foraminal stenosis was moderate; inter-rater kappa varied between 0.42–0.59.   
Quantitative measurements of both the subarticular width and the cross-sectional area of 
the foramen had substantial reproducibility; intraclass correlation coefficients in inter-rater 
assessments varied between 0.66–0.71 (Sipola et al. 2011).
   
2.4 PATHOMORPHOLOGY AND –PHYSIOLOGY OF LSS
2.4.1 degenerative process
In LSS there is a gradual narrowing of the vertebral and/or lateral canals, mostly caused by 
the degenerative process of the motion segment, leading to reduced space available for neu-
rovascular tissue (Rydevik 1993). In the absence of neural compression, the canal should be 
considered only narrowed and does not, therefore, require any surgery (Postacchini 1999).
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Mechanical instability, most due to disc degeneration and facet joint pathology, may cause 
nerve root compression and concomitant symptoms (MacNab 1971, Kirkaldy-Willis et al. 1978). 
Because the initial size of these canals varies individually, the same amount of degenerative 
hypertrophy tissue is not always enough to produce LSS (Ehni 1969; Verbiest 1980). The de-
generative process usually progresses slowly in affected individuals. Even with significant 
stenosis, such persons are very unlikely to develop an acute cauda equine syndrome in the 
absence of significant disc herniation. However, the clinical course varies considerably, but in 
most patients it is chronic and benign (Johnsson et al. 1992; Hai 2004).
2.4.2 Effect of lumbar extension, flexion and axial loading
The most pronounced radiographic stenosis is found during extension of the lumbar spine. 
(Schönström and Willén 2001). Extension of the lumbar spine often worsens the symptoms and 
many patients experience some relief of their symptoms by stooping (Dyck 1979; Dyck and 
Doyle 1977). In the pressure measurements of stenotic level, spinal block pressure is regularly 
increased with extension of the lumbar spine in all patients (n = 42), and pathological pressure 
was found in 67% of patients (Magnaes 1982).  Takahashi et al. reported a relationship between 
epidural pressure and posture in patients with LSS. Local epidural pressure at the stenotic level 
was low in lying and sitting postures, and high in standing postures. Pressure was increased 
with extension, but decreased with flexion (Takahashi et al. 1995a). During walking, epidural 
pressure was reported as high in LSS and low in normal individuals (Takahashi et al. 1995b).
Extension thus usually aggravates the symptoms of LSS, when the already stenotic level 
compresses more neural structures, and lumbar flexion (sitting, bicycling) relieves symp-
toms. This posture-related pain, i.e. when symptoms are relieved in lumbar flexion, has been 
reported to better predict the postoperative outcome after lateral recess decompression, bilat-
eral semihemilaminectomy and unilateral hemilaminectomy compared to patients who had 
no posture-related pain (Ganz 1990). The extension test has been described in LSS by Katz et 
al. (1994): thigh or calf discomfort (pain, numbness, paresthesia or weakness) or both is exac-
erbated by lumbar extension (including prolonged standing and walking) and relieved with 
flexion. The axial loading has also been described to increase stenosis (Willén et al. 2008). 
MRI in LSS is usually performed in a supine position with knees flexed, resulting in flexion 
of the lumbar spine. There is an obvious possibility that the posture during imaging does 
not represent the symptomatic posture, and the lack of a normal lordosis posture and axial 
loading in imaging may result in the stenotic finding underlying the symptoms appearing 
less severe in MRI. This is probably one reason why radiological findings and symptoms of 
LSS have a poor association due to “hidden stenosis” (Schizas et al. 2010, Willén et al. 2008, 
Danielsson et al. 1998). Axial loading in MRI can even influence the treatment decision for 
symptomatic LSS (Hiwatashi et al. 2004).
2.4.3 multilevel stenosis and vascular theories
Stenotic changes at one level often lead, over a period of years, to multilevel stenosis (Kirkaldy-
Willis et al. 1978). Multilevel stenosis is a more frequent finding than single-level stenosis 
in series among patients needing surgical treatment, with multiple-level decompression also 
used in the majority of cases (Weinstein et al. 2010; Westergaard et al. 2009; Malmivaara et al. 
2007). A myeloscopic study revealed pronounced dilation of blood vessels on the cauda equine, 
which was seen as soon as intermittent claudication appeared during the treadmill walk (Ooi 
et al. 1990). According to Porter et al. (1992), neurogenic intermittent claudication was reported 
to associate with at least two-level stenosis (two-level central stenosis, or single-level central 
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stenosis and associated root canal stenosis), and claudication is uncommon in the absence of 
multilevel stenosis (Porter et al. 1992). The role of venous congestion in ischemia, due to two-
level stenosis preventing normal venous drainage, was addressed.
According experimental studies, two-level stenosis may induce a more severe impairment 
of nerve function than single-level compression (Cornefjord et al. 1992; Matsui et al. 1992; 
Olmarker and Rydevik 1992; Takahashi et al. 1993; Sato and Kikuchi 1997).
2.4.4 degree and duration of nerve root compression
In symptomatic LSS, the optimal treatment removes or at least relieves the symptoms. If con-
servative treatment is insufficient, the optimal timing of surgical decompression is before ir-
reversible neural damage causing harmful symptoms. Mechanical compression of the nerve 
roots can create a number of intraneural tissue reactions, which may lead to pain or neurologi-
cal alterations (Dahlin et al. 1984; Rydevik et al. 1984 and 1993; Olmarker 1991; Pedowitz et al. 
1992, Garfin et al. 1995, Winkelstein et al. 2002, Haig et al. 2007, Yagci et al. 2009). The duration 
of compression is of importance in relation to the degree of nerve injury, even at the higher 
pressure level tested in an animal model (Dahlin et al. 1986). In clinical trials with LSS, there 
is some evidence that a shorter preoperative duration of symptoms better predicts the outcome 
in lateral stenosis (Jönsson 1993; Jönsson and Strömqvist 1994). 
 
2.4.5 Motor deficit in LSS
The incidence of motor deficit in the literature is reported to be 10–57% in patients with LSS 
(Guigui et al. 1998). Severe motor deficit in the course of symptomatic LSS is rare (Amundsen 
et al. 1995). The prevalence of motor deficit is greater with co-existent disc herniation and when 
stenosis has extended to three or more levels. Good motor deficit recovery was predicted by 
age <65 years at operation, monoradicular deficit, stenosis at one level, preoperative duration 
of motor weakness < 6 weeks, and an association with a co-existent disc herniation (Guigui 
et al. 1998). 
2.5 DIAGNOSIS OF LSS 
The diagnosis of this syndrome (Schönström et al. 1985, Spengler 1987, Katz et al. 1995, Watters 
et al. 2008) is based on the clinical history and radiological imaging:
1. Symptoms 
The presence of back, buttock, and/or lower extremity pain; often neurogenic intermittent 
claudication
       AND
2. Radiographic evidence of a demonstrable stenosis
i.e. evidence from computed tomography, magnetic resonance imaging or rhizography of com-
pression of the cauda equina and/or exiting nerve roots due to degenerative changes (ligamen-
tum flavum, facet joints, osteophytes and/or disc material) that supports the symptoms.
The clinical history, i.e. symptoms and disability (current and previous) described by the pa-
tient should be taken in a standardized way: the location, frequency and severity of pain, as 
well as other symptoms including numbness, tingling and balance, and aggravating factors 
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should be enquired. The factors that were found to be most strongly associated with a diag-
nosis of LSS were a higher age, severe lower extremity pain, and the absence of pain when 
seated (Katz et al. 1995). 
Radiological imaging should demonstrate spinal stenosis that can explain the symptoms, 
also excluding other symptom aetiology. 
The role of the clinical status remains supplemental, because no specific diagnostic pattern 
for LSS is found, and neither have objective criteria for using the clinical history and examina-
tion in diagnosing LSS been reported (Hai 2004). The clinician’s opinion, combining results 
from the history, physical examination, and based on these the further planning of imaging, 
electrodiagnostic studies and other adjunctive tests is the normal diagnostic strategy in clini-
cal practice.  In LSS, the only quantitative evidence correlating diagnostic information with 
outcomes is that from imaging studies (Hai 2004). There are still crucial questions concerning 
the indications for surgery: How can we confirm the ultimate aetiology of symptoms based on 
radiological and clinical findings? Is the ultimate reason for symptoms purely the anatomical 
stenosis seen in MRI? Should we take into account other (predictive) factors, and what are these 
factors and their significance? 
2.6 DIFFERENTIAL DIAGNOSIS IN LSS 
2.6.1. vascular claudication
In symptoms of the lower extremities, VC is probably the most important disease to differ-
entiate from neurogenic intermittent claudication in LSS. Symptoms with walking, bicycling, 
climbing of stairs with diminished peripheral pulses indicates VC; contrary to LSS, symptoms 
in VC are not relieved with lumbar flexion, and the walking distance before symptoms is quite 
stable. A combination of VC and neurogenic intermittent claudication is possible (Johansson 
et al. 1982), especially in the elderly population. Pulse palpation of the lower extremities and, 
if needed, Doppler testing are very helpful as initial steps in evaluating the significance of an 
arterial lesion (Johansson et al.1982).
2.6.2 distal nerve entrapments
Several entrapments, such as n. cutaneus femoris lateralis (meralgia paresthetica), peroneal nerve in 
proximal fibula, tibial nerve in tarsal tunnel, and Morton’s neuralgia, may mimic lumbar radicular 
symptoms, as also do peripheral mono- or polyneuropathy. Electroneuromyography reveals 
distal nerve pathology. Meralgia paresthetica has been reported in 11/232 (4.7%) patients with 
LSS; 7/11 enjoyed total relief of hypo-aesthesia in the thigh after L3–4 laminectomy, indicating 
L3–4 stenotic aetiology underlying the symptoms (Guo-Xiang et al. 1988).  
2.6.3. osteoarthritis
Hip arthrosis may cause femoral pain, and knee arthrosis may also cause radicular-like symp-
toms. At the time of initiative symptoms in osteoarthritis and also stenosis, imaging findings 
from the joint in question and lumbar area, respectively, may be limited. Clinical examination 
and conservative treatment strategies with “watchful waiting”, i.e. follow-up, may result in 
sufficient symptom relief. 
2.6.4 trochanter and gluteal bursitis 
These should keep in mind, and diagnosis established with ultrasound if needed.
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2.6.5 others
Degenerative disk disease is a strong aetiological risk factor of chronic LBP (Karppinen et al. 
2011), accounting for 39% of the incidence of chronic LBP (Zhang et al. 2009). Disc herniation 
represents less than 30% of cases, and other causes, such as zygapophysial joint pain, are 
responsible for an even lower proportion of LBP cases (Zhang et al. 2009). The centralization 
phenomenon and bony vibration test are described to enhance diagnostics in discogenic LBP 
(Yrjämä and Vanharanta 1994, Zhang et al. 2009). However, there has been criticism that the 
bony vibration test and the centralization phenomenon are of little utility and cannot effec-
tively distinguish discogenic LBP from other chronic LBP diseases (Zhang et al. 2009).
Only a small proportion (approximately 20%) of LBP cases can be attributed with reasonable 
certainty to a pathologic or anatomical entity (Zhang et al. 2009).
When the origin (level) of the lower extremity pain is localized in the lumbar area, CT/MRI 
imaging will often ensure the diagnosis, and also other specific diseases such as a herniated 
nucleus pulposus. The pathologies mimicking radicular symptoms/neurogenic intermittent 
claudication due to stenosis include lumbar tumours, synovial cysts (Baum and Hanley 1986), 
inflammatory abscesses and other factors causing compression of the dura or nerve roots. 
2.7 CONSERVATIVE TREATMENT OF LSS 
2.7.1 General principles
Conservative treatment is always the first and often a sufficient option in LSS with mild and 
moderate symptoms (Figure 4). In the early phase of the disease, patients with mild LSS-like 
symptoms can be treated symptomatically with “watchful waiting” after basic examinations, 
such as laboratory tests (usually erythrocyte sedimentation rate, blood count, urine test) and 
lumbar plain radiography, by a GP. The most frequently used treatments include back exer-
cises, physical therapy, spinal manipulation, narcotic analgesics, epidural steroids and back 
rest (Atlas et al. 1996 and 2000). According to a recent study on the conservative treatment of 
LSS from patient and therapist perspectives, 59% of LSS patients (n = 75) over 50 years reported 
receiving physiotherapy for LSS after diagnosis by a spine surgeon. The treatments most fre-
quently reported by patients were massage (27%), strengthening exercises (23%), flexibility 
exercises (18%), and heat/ice (14%). The most frequently advocated treatments by the 76 physi-
cal therapists included flexibility (87%), stabilization (86%) and strengthening exercises (83%), 
followed by heat/ice (76%), acupuncture (63%) and joint mobilization (62%). Accordingly, the 
authors stated that future research foci should include massage, flexibility and strengthening 
exercises, stabilization techniques and heat/ice treatments (Tomkins et al. 2010).
The therapeutic exercise program must be prescribed with a thorough understanding of the 
contributing pathoanatomical and pathophysiological factors, and should be tailored to each 
patient based on his or her history and physical examination. Components of the program are 
to be described in detail and include specific stretching and strengthening exercises, general 
conditioning exercises, and education in proper posture and body mechanics (Bodack and 
Monteiro 2001). There is no evidence of conservative treatment in LSS studied in RCT. 
Methods of management for chronic pain and non-specific back pain (including pain due 
to nerve damage) can, however, also be exploited in LSS, and these methods are thus referred 
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It should be noted that, due to the natural course and pathophysiology of LSS, very few patients 
receive a diagnosis of LSS when the initial symptoms of LSS occur. Thus, many options for 
conservative treatment might often have been used when the diagnosis is radiologically 
confirmed.  
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Figure 4. Treatment options of LSS. 
It should be noted that, due to the natural course and pathophysiology of LSS, very few pa-
tients receive a diagnosis of LSS when the initial symptoms of LSS occur. Thus, many options 
for conservative treatment might often have been used when the diagnosis is radiologically 
confirmed (Figure 4). 
.  medical treatment
2.7.2.1 Analgesics, anticonvulsants and opioids
Nonsteroidal anti-inflammatory analgesics (NSAIDs) and paracetamol
The review by Roelofs et al. (2008) found 65 studies (including over 11,000 patients) of mixed 
methodological quality that compared various NSAIDs with placebo (an inactive substance 
that has no treatment value), other drugs, other therapies and with other NSAIDs. The authors 
conclude that NSAIDs are slightly effective for short-term symptomatic relief in patients with 
acute and chronic low-back pain without sciatica (pain and tingling radiating down the leg). 
In patients with acute sciatica, no difference in effect between NSAIDs and placebo was found. 
The review authors also found that NSAIDs are not more effective than other drugs (par-
acetamol/acetaminophen, narcotic analgesics, and muscle relaxants). Placebo and paracetamol/
acetaminophen had fewer side effects than NSAIDs, although the latter has fewer side effects 
than muscle relaxants and narcotic analgesics. The new cyclooxygenase-2 selective inhibitor 
NSAIDs do not seem to be more effective than traditional NSAIDs, but are associated with 
fewer side effects, particularly stomach ulcers. However, other published studies have shown 
that some cyclooxygenase-2 selective inhibitor NSAIDs are associated with an increased car-
diovascular risk (Roelofs et al. 2008).
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Anticonvulsants in pain treatment
Anticonvulsants are a group of medicines commonly used for treating epilepsy, but which are 
also effective for treating pain. The type of pain that responds well is neuropathic pain, e.g., 
postherpetic neuralgia and painful complications of diabetes. Gabapentin provides a high level 
of pain relief in about one third of people who take it for painful neuropathic pain. Adverse 
events are frequent, but mostly tolerable (Moore et al. 2011). There is also evidence of the ef-
ficacy of pregabalin in treating chronic pain due to neural damage at doses of 300–600 mg 
per day (Moore et al. 2009). In LSS, gabapentin treatment resulted in a greater increase in the 
walking distance better than what was obtained with standard treatment. Gabapentin-treated 
patients also showed improvements in pain scores and the recovery of sensory deficit, which 
were better than could be attained with standard treatment (Yaksi et al. 2007).
    
Opioids
Long-term opioid management for chronic noncancer pain in CDSR suggested that proper 
management of a type of strong painkiller (opioids) in well-selected patients with no history 
of substance addiction or abuse can lead to long-term pain relief for some patients with a very 
small (although not zero) risk of developing addiction, abuse or other serious side effects. 
However, the evidence supporting these conclusions is weak, and longer-term studies are 
needed to identify the patients who are most likely to benefit from treatment (Noble et al. 2010). 
In low back pain, according to Deshpande et al. (2007), there is no standard recommendation 
for opioid use; three studies have compared opioids against a placebo. On average, those re-
ceiving tramadol reported more pain relief and less difficulty in performing their daily activi-
ties in the short term than those who received a placebo. In a fourth study, those receiving an 
opioid, either morphine or a morphine-derivative, reported little or no difference on average 
in terms of pain relief in the short term compared with those who received NSAID medication 
(naproxen). In general, there was little or no difference between the two groups in their ability 
to perform daily activities.
In neuropathic pain, opioids are effective for the treatment of long-term pain due to nerve 
damage. The use of opioids to treat neuropathic pain is controversial owing to concerns about 
addiction and beliefs that this type of pain does not always respond well to opioids. Mixed results 
have been found regarding the effectiveness of the short-term use of opioids. Intermediate-term 
trials have demonstrated that opioids are effective for the subtypes of neuropathic pain tested 
and for the relatively short duration of published studies. Side effects such as nausea, dizziness 
and drowsiness were common, but not life threatening (Eisenberg et al. 2006). There is evidence 
that 100 to 400 mg of tramadol is an effective symptomatic treatment for peripheral neuropathic 
pain (Duehmke et al. 2006).
2.7.2.2 Muscle relaxants
According to the CDSR, muscle relaxants are effective for short-term symptomatic relief in 
patients with acute and chronic low back pain (van Tulder et al. 2003).
2.7.2.3 calcitonin
In Paget s´ disease with LSS, nasal calcitonin is reported as an effective treatment (Weisz 1983). 
According a randomized, placebo-controlled, double-blind crossover study in 40 LSS patients 
with a 1-year follow-up, calcitonin had beneficial effects on the patients’ symptoms without 
producing any notable side effects. Calcitonin had a clear analgesic effect. The mean walking 
distance increased, but the crossover trend was not as good as the analgesic effect. The use 
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in selected patients was recommended (Eskola et al. 1992). Porter and Hibbert also reported 
successful calcitonin treatment in bilateral neurogenic claudication (Porter and Hibbert 1983). 
However, in a systematic review of the effectiveness of calcitonin in intermittent claudication 
treatment of patients with LSS, the data suggested that calcitonin administration in the treat-
ment for neurogenic claudication has no benefit in LSS (Coronado-Zarco et al. 2009). 
Concomitant use of calcitonin with physical therapy and exercise did not have any benefi-
cial effect on the pain, functional status, lumbar mobility and walking distance of the patients, 
but both groups benefited significantly with respect to VAS, functional status and walking dis-
tance following physiotherapy and exercises (Sahin et al. 2009). On 19 July 2012, the European 
Medicines Agency (EMA) completed a review of the benefits and risks of calcitonin-containing 
medicines, concluding that there was evidence of a small increased risk of cancer with long-
term use of these medicines (www.ema.europa.eu).
2.7.2.4 antidepressants
There is evidence of the effectiveness of antidepressants in treating non-specific LBP accord-
ing to the Cochrane Collaboration 2008, but without specific evidence in LSS. Patients with 
significant depression should not avoid antidepressants, as they continue to play an important 
role in the treatment of clinical depression. There is also evidence that antidepressants can 
help patients with other specific types of pain. The review cautions that existing studies do not 
provide adequate evidence regarding antidepressants for low-back pain. There is a need for 
larger and more sophisticated studies to confirm the conclusions of this review. In the mean-
time, antidepressants should be regarded as an unproven treatment for non-specific low-back 
pain (Urquhart et al. 2008).
Neuropathic pain can be treated with antidepressants and the effect is independent of any 
effect on depression according to the CDSR (Saarto and Wiffen 2007). 
Tricyclic antidepressants (mostly 10 mg of either amitriptyline or nortriptyline) had a benefi-
cial effect in LSS. In a study by Orbai et al. (2010), 20/26 of patients reported an improvement in 
back pain. A greater proportion of patients with both leg and back pain reported an improve-
ment than patients with back pain alone.
2.7.2.5 other medication
An oral prostaglandin E1 derivative (limaprost) has been reported superior to NSAIDs 
(Matsudaira et al. 2009) in the treatment of LSS. The lack of vitamin D has been implicated in 
many diseases, including chronic painful conditions. There is, however, still insufficient evi-
dence for an effect of vitamin D in chronic pain conditions (Straube et al. 2010).
2.7.2.6 epidural injections
The use of epidural steroid injections to relieve sciatic pain from spinal stenosis is extremely 
variable and controversial because of the potential complications. However, epidural steroids 
might be considered as a nonsurgical alternative, especially in elderly patients where surgery 
carries greater risk (Rydevik et al. 1997). Koc et al. reported both physical therapy and epidural 
steroid injections to be effective in LSS for up to 6 months of follow-up (Koc et al. 2009). In 
the axial back pain with LSS, epidural steroid injections relieved back pain from 2 weeks to 
four months (Lee et al. 2009). In a population consisting LSS and disc herniation patients with 
radiculopathy, over 50% had a successful outcome on one-year follow-up (Kabatas et al. 2010). 
In subacute and chronic LBP, there is no strong evidence for or against the use of any type of 
injection therapy (Staal et al. 2008). 
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2.7.3 Passive treatments
Massage might be beneficial for patients with subacute (lasting 4 to 12 weeks) and chronic 
(lasting longer than 12 weeks) non-specific LBP, especially when combined with exercises and 
education (CDSR, Furlan et al. 2008).
The CDSR with 39 trials found that spinal manipulation was more effective in reducing pain 
and improving the ability to perform everyday activities than sham (fake) therapy and thera-
pies already known to be unhelpful. However, it was no more or less effective than medication 
for pain, physical therapy, exercises, back school or the care given by a general practitioner 
(Assendelft et al. 2004).
According to the CDSR (Khadilkar et al. 2008), the analgesic effectiveness of transcutaneous 
electrical nerve stimulation still remains uncertain and it is thus not suggested in the routine man-
agement of chronic LBP. Touch therapies (Healing Touch, Therapeutic Touch and Reiki) have 
been found to be useful in pain relief for adults and children. Music should not be considered a 
first line treatment for pain relief, as the magnitude of its benefits is small. Listening to music to 
treat pain offers the potential advantages of low cost, ease of provision, and safety. Music reduced 
pain, increased the number of patients who reported at least 50% pain relief, and reduced the 
requirements for morphine-like analgesics. However, as the magnitude of these positive effects 
is small, the clinical relevance of music for pain relief in clinical practice is unclear.
For chronic low-back pain, acupuncture is more effective for pain relief and functional 
improvement than no treatment or sham treatment immediately after treatment and in the 
short term only. Acupuncture is not more effective than other conventional and “alternative” 
treatments. The data suggest that acupuncture and dry-needling may be useful adjuncts to 
other therapies for chronic low-back pain (Furlan et al.2005).
Neuroreflexotherapy performed better than placebo or standard care in specialty clinics 
in Spain. More evidence is needed of its utility outside of these clinics in Spain (Urrútia et al. 
2004). In a study comparing physiotherapy with physiotherapy+ ultrasound, additional ultra-
sound therapy seemed to substantially lower the analgesic intake (Goren et al. 2010). 
2.7.4 corset-type braces
Braces are reported to provide limited truncal support and relief of pain (Bartelink 1957, Willner 
1985, Garfin et al. 1999). However, the CDSR reported conflicting and low-quality evidence sup-
porting the use of lumbar supports (braces) in chronic LPB (van Duijvenbode et al. 2008). In 
clinical practice, the use of a brace during exertion provoking back and/or radicular pain can be 
considered if the use of a corset relieves symptoms during exertion (work, cleaning, vacuuming).
2.7.5 Active physiotherapy and exercises in LSS
The benefits of exercise therapy in LSS have been reported (Garfin 1999, Malmivaara et al. 2007, 
Koc et al. 2009, Goren et al. 2010, Weinstein et al. 2010).  
  Exercise therapy in LSS usually includes stretching and strengthening exercises for lum-
bar, abdominal, leg muscles as well as low-intensity cycling exercises. Therapy targeting an 
increase in lumbar flexion and thus the volume of the vertebral canal, reducing neural com-
pression, is also used (DuPriest 1993).  
2.7.6 evidence of rehabilitation in low back pain
The therapeutic application of exercise of the abdominal, back and leg muscles has been widely 
used in the management of LBP (Manniche et al. 1988, Robinson 1992, Hansen et al. 1993, 
Rissanen et al. 1995, Mannion et al. 2001, Sirado et al. 2010).
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According the CDSR, exercise therapy appears to be slightly effective at decreasing pain 
and improving function in adults with chronic LBP, particularly in populations visiting a 
healthcare provider. In adults with subacute LBP there is some evidence that a graded activ-
ity program improves absenteeism outcomes, although evidence for other types of exercise is 
unclear. For patients with acute LBP, exercise therapy is as effective as either no treatment or 
other conservative treatments (Hayden et al. 2005). 
There was strong evidence that intensive multidisciplinary bio-psycho-social rehabilitation 
with a functional restoration approach improved function when compared with inpatient 
or outpatient non-multidisciplinary treatments. There was moderate evidence that intensive 
multidisciplinary bio-psycho-social rehabilitation with a functional restoration approach im-
proved pain when compared with outpatient non-multidisciplinary rehabilitation or usual 
care (Guzmán et al. 2002).
Among working age adults with subacute LBP, the CDSR presented moderate evidence of 
effectiveness from trials of this type of rehabilitation. Although the trials showed some benefit 
from multidisciplinary rehabilitation, which includes workplace visits, more research on the 
effectiveness and cost-effectiveness is needed (Karjalainen et al. 2000).
A back school for non-specific low-back pain was reported in the CDSR by Heymans et al. 
(1999). There was moderate evidence suggesting that back schools are more effective for pain 
and function than other conservative treatments if the patients with chronic LBP are from the 
general public, primary or secondary care. There is conflicting evidence concerning whether 
back schools are more effective than placebo or waiting list controls for pain, function and 
return to work.
There is moderate evidence for patients with chronic LBP suggesting that back schools, in 
an occupational setting, reduce pain and improve function and the return-to-work status in 
the short and intermediate-term compared to exercises, manipulation, myofascial therapy or 
advice, placebo or waiting list controls.
2.7.7 Behavioral treatment for chronic low-back pain 
Behavioural treatment for chronic LBP was reported in the CDSR by Henschke et al. (2011). For 
pain relief, there was moderate quality evidence that
1) operant therapy was more effective than waiting list controls in the short term; 2) there 
was little or no difference between operant therapy, cognitive therapy or a combination of 
behavioural therapies in short or intermediate pain relief, and 3) behavioral treatment was 
more effective than conventional care in the short term, but there were no differences in  the 
intermediate- to long-term, or in functional status; 4) there was little or no difference between 
behavioral treatment and group exercise for pain relief or depressive symptoms over the in-
termediate to long term; 5) combining behavioral therapy with inpatient rehabilitation was no 
more effective than inpatient rehabilitation alone.
2.8 SURGICAL TREATMENT OF LSS
The surgical treatment of LSS increased following advancements in CT and MR imaging 
(Mauersberger and Nietgen 1989). The rates of surgery in the United States increased eightfold 
between 1979 and 1992, from 6.1 to 61 procedures per 100 000 persons age 65 or older (Ciol et 
al. 1996), being the most frequent indication for spine surgery in patients older than 65 years 
(Taylor et al. 1994). 
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2.8.1 surgical technique
The surgical technique usually consists of a segmental posterior decompression and an un-
dercutting facetectomy of the affected area. The presence or risk of lumbar instability is, at 
the surgeon’s discretion, treated by fusion of the lumbar spine, if necessary, augmented by 
transpedicular instrumentation (Malmivaara et al. 2007). Laminectomy is the most common 
decompression in degenerative LSS (Issack et al. 2012). The surgical decompression of different 
kinds of lateral stenosis is described in detail by Lee et al. (1988) and Jenis et al. (2001). 
Niggemeyer et al. (1997) conducted meta-analyses of the literature from 1975–1995 compar-
ing surgical procedures for degenerative LSS. In patients suffering from degenerative LSS for 
up to 8 years, decompression without fusion gave the best results. For symptom duration of 
15 years or more, decompression with instrumented fusion gave the best results. Analyzing 
all postoperative outcomes, decompression is the surgical procedure with the highest suc-
cess rate and the fewest complications, followed by decompression with instrumented fusion. 
Furthermore, in degenerative LSS, decompression and fusion without instrumentation was the 
least successful procedure. Taken together, the review showed that the least invasive surgical 
procedure can provide the best results if the correct diagnosis is made and if the operation is 
carried out within the first years of disease (Niggemeyer et al. 1997). 
With respect to lumbar fusion in relation to instability or malalignment of lumbar vertebrae 
in LSS, there is moderate evidence that instrumentation can increase the fusion rate, but any 
improvement in clinical outcomes is probably marginal (Gibson et al. 1999).
2.8.2 outcome measures in lss
The different dimensions in measuring the outcomes of LBP are symptoms, functional status, 
overall well-being and work disability (Patrick et al. 1995). Patient (postoperative) satisfaction 
with (surgical) treatment is also an often-used instrument with different scales (Weinstein et 
al. 2010, Katz et al. 1999, Katz et al. 1995).
In LSS, the use of reliable and valid measures before surgery as well as standardized follow-
up times was addressed by Turner et al. 1992, in order to improve the quality of LSS studies. 
For further improvement, the Consolidated Standards of Reporting Trials (CONSORT state-
ment), were developed by the CONSORT Group to alleviate the problems arising from inad-
equate reporting of randomized controlled trials (www.consort-statement.org).  In practice, 
in spine studies, adequate OMs should be at the beginning (before surgery) and on two year 
postoperative follow-up, which is considered as the “gold standard”, in addition to possible 
earlier follow-ups. When the outcome is only measured postoperatively without determining 
the preoperative level of the parameter in question, the disadvantage is that the results do not 
describe the actual change in the OM, i.e. the desired effect of surgery.  
The subjective satisfaction with the surgical outcome is an OM that can only be measured 
postoperatively. This takes into account the patient’s subjective experience before and after 
surgery: however, the patient’s expectations affect the level of satisfaction (Iversen et al. 1998). 
If the expectations are not realistic, disappointment lowers satisfaction, even in the case where 
in the surgeon’s opinion the goal of surgery has been achieved. Thus, preoperative discussion 
of the goals of surgery is important.
Pain is usually evaluated with the visual analogue scale (0–100 mm), being a valid index 
of experimental, clinical and chronic pain (Price et al. 1983). The numeric rating scale (0–10) is 
also often used (Breivik et al. 2000).  Back pain, leg pain and overall (or bodily) pain are often 
assessed separately, in order to determine specific treatment effects on LBP, and radicular pain 
due to neural compression.
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With respect to the functional status, the Oswestry Low Back Pain Disability Questionnaire 
(Fairbanks et al. 1980), later referred to as the Oswestry Disability Index (Fairbank and Pynsent 
2000), has become one of the principal condition-specific OMs used in the management of 
spinal disorders.  The ODI has been suggested as a standard method in the evaluation of dis-
ability among LBP patients (McDowell 1996). The Finnish validation study was performed by 
Grönblad et al. (1993), and the second version was validated in 2010 (Pekkanen et al. 2010). The 
ODI has been widely used in studies on LSS (McGregor et al. 2002a and 2002b; Yukawa et al. 
2002, Galiano et al. 2005, Ghogawala et al. 2004, Malmivaara et al. 2007, Bouras et al. 2010, Park 
et al. 2010, Richter et al. 2010, Weinstein et al. 2010).
The questionnaire devised by Stucki et al. (1995) assesses LSS-related symptom severity, 
physical disability and postoperative satisfaction.  Other instruments for measuring subjective 
disability in LSS include the Waddell Disability Index (Low Back Outcome Score) and Roland-
Morris Disability Questionnaire (Roland and Morris 1983).
Walking ability has had a central role in assessing patients with LSS, because of neurogenic 
intermittent claudication. Subjective assessment of walking ability in meters in LSS is reported 
to be valid method (Tomkins-Lane and Battie 2010). Objective treadmill tests are rarely used 
(Deen et al. 1998, Tenhula et al. 2000). 
2.8.3 the results of surgical treatment in lss
In a retrospective study of the surgical results of LSS at Kuopio University Hospital by Herno, 
an excellent to good outcome was achieved in 62% of LSS patients (n = 438) with a mean follow-
up time of 4.3 years. The long-term outcome (mean follow-up time 12.4 years) was good to 
excellent in 68% of patients. The main OM was the ODI, for which 0-40% was considered as a 
good to excellent result. The surgical results, based on surgical treatment at Kuopio University 
Hospital between 1974–1987 and only postoperative measurement with the ODI, were consid-
ered not satisfactory. 
Furthermore, the ability to work and no prior back surgery were the most important prog-
nostic factors for good surgical results. With respect to radiology, the patients with a total or 
subtotal block in preoperative myelography achieved the best results. In this radiological cat-
egory, the proportion of patients with an excellent to good outcome was very similar in women 
and men, being 73% and 77%, respectively (Herno 1995, Academic Dissertation). 
According to the surgical results in LSS based on 56 studies between 1962–1995, a mean of 38% 
of those operated on had excellent, 40% good, 16% poor and 6% very poor results (Herno 1995, 
Academic Dissertation). In an attempted meta-analysis of surgical treatment of LSS in 1992, sur-
gical results were excellent to good in 26–100% of cases, the mean being 64% (Turner et al. 1992). 
According to later prospective nonrandomized studies, the subgroup of patients with per-
sistent severe pain and progressive neural dysfunction seems to benefit from decompressive 
surgery (Atlas et al. 2000 and 2005, Cornefjord et al. 2000, Gibson et al. 2000).
A systematic review of randomized controlled trials of surgery versus conservative treat-
ment for symptomatic LSS indicated in all the studies that surgery led to better results for 
pain, disability, and quality of life, although not for walking ability. The results of surgery 
were similar among patients with and without spondylolisthesis, and slightly better among 
those with neurogenic claudication than among those without it. The advantage of surgery 
was noticeable at 3 to 6 months and remained for up to 2 to 4 years, although at the end of that 
period the differences tended to be smaller (Kovacs et al. 2011).
In a long-term postoperative follow-up (mean 7.1 years; range 4.0–12.2) by Cornefjord et al. 
(2000), 65% of operated LSS patients were subjectively satisfied, 25% were dissatisfied and 10% 
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were uncertain about whether they were satisfied or not. This population (n = 124; drop-out 
rate 22.6%) was operated between 1982–1991, and 61% received posterior fusion (Cornefjord et 
al. 2000).
Taken together, surgical treatment relieves symptoms and improves disability, but the effect 
of surgery diminishes in a longer follow-up.
2.8.4 Postoperative rehabilitation 
In the planning phase of this study, there were no published randomized studies on postopera-
tive rehabilitation in LSS.  Rehabilitation after lumbar disc surgery was reported in the CDSR 
by Ostelo et al. (2002). Based on randomized controlled trials with patients aged 18–65 years, 
exercise programs starting four to six weeks post-surgery seem to lead to a faster reduction in 
pain and disability than no treatment. Moreover, high intensity exercise programmes seem to 
lead to a faster decrease in pain and disability than low intensity programs. There were no sig-
nificant differences between supervised and home exercises regarding pain relief, disability, or 
the global perceived effect. There is no evidence that active programs increase the re-operation 
rate after first-time lumbar surgery. The evidence does not tell us whether all patients should 
be treated after surgery or only those who still have symptoms four to six weeks later.
2.9 PREDICTORS OF SURGICAL OUTCOME IN LSS
The increasing need for surgical treatment in the aging population will mean increasing costs 
if the indications for surgery are kept the same. In LSS, 20–40% of patients do not benefit from 
surgery (Airaksinen et al. 1997, Jönsson et al. 1997b, Katz et al. 1991, 1995,1996, 1997; Silvers et 
al. 1993, Turner et al. 1992).
Studies on the factors associated with the outcome have been small, retrospective, and 
limited in the number and types of potential predictor variables analyzed (Katz et al. 1999). 
Thus, there was a need to strengthen the knowledge base of preoperative predictors in LSS.
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3 Aims of the study
3.1 GENERAL AIMS
The general aim was to evaluate earlier published literature on the predictors of LSS, and sec-
ondly to carry out a prospective clinical trial on the operative treatment of LSS.
3.2 SPECIFIC AIMS
1. To systematically review prospective articles concerning preoperative predictors for 
the postoperative clinical outcome in LSS; to evaluate the quality of these studies and 
to identify the predictors of “high quality studies”, in order to establish the existing 
knowledge of predictors based on the prospective literature (I).
In a clinical trial consisting of surgically treated LSS patients with a two-year postoperative 
follow-up, the aims were to assess:
2. the predictive value of depressive symptoms (II);
3. the predictive value of preoperative treatment, self-rated health, comorbidities,  and 
some other patient-related factors (III);
4. whether postoperative rehabilitation improves the functional outcome after surgical 




4.1 SYSTEMATIC REVIEW (I)
In order to define previously studied predictive factors and their influence on the clinical out-
come, a systematic review of the prospective literature on studies dealing with operative LSS 
was carried out.
Table 1. Databases used in the literature search   
1) PubMed/Medline (National Library of Medicine, Bethesda, MD)
2) Cochrane Library
3) NHS Centre for Reviews and Dissemination (University of York, York, United Kingdom) Databases 
DARE, NHSEED, HTA
4) Medic (Terkko, National Health Sciences Library, Helsinki, Finland)
5) Indice Medico Español (Spanish National Database, including papers published in Spanish; start-
ing 1971)
6) LILACS (Latin American and Caribbean Health Sciences Data Base, including papers published in 
Spanish and Portuguese; starting 1982)
Table 2. Inclusion criteria for the selection of studies in the systematic review 
                               
1) Randomized controlled trial, controlled trial, or prospective cohort study
2) Study had to deal with operated LSS patients, describing preoperative predictors for only the 
surgical treatment
3) The study had to include clinical outcome measures
4.1.1 searches carried out for the systematic review
Computerized searches for literature on the surgical treatment, treatment outcome, and prog-
nosis of spinal stenosis surgery were performed up until 30 April 2005 (details in study I, 
appendix 1). The databases used in literature search are presented in Table 1, and inclusion 
criteria for the selection of studies are presented in Table 2.
4.1.2 Quality assessment of included studies
Every included article was assessed by two independent authors according to predefined as-
sessment criteria. The thirteen criteria were divided into six categories (study I, Table 2). The 
maximum score was 13 points. Those articles scoring 7 points (>50%) or higher were consid-
ered to be “high quality” (HQ) studies, and articles scoring less than 7 points were rated as 
“low quality” (LQ). The predictors presented in each original article were extracted, and their 
predictive value was determined as neutral, positive or negative in each original article. The 
uniformity of the double assessment was verified (score, predictors, and their predictive value), 
and in the case of disagreement, a third opinion was sought. The predictors originating from 
HQ articles were considered to be the main results of the systematic review of preoperative 
predictors for the postoperative clinical outcome in LSS.
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4.2 PROSPECTIVE CLINICAL TRIAL (II-IV)
4.2.1 Inclusion of patients in clinical studies (II–Iv)
At Kuopio University Hospital, the DPRM organized the study with the co-operation of the de-
partments of orthopaedics and traumatology, and neurosurgery in patient recruitment and sur-
gical treatment. The study group comprised 102 patients with both clinically and radiologically 
defined LSS selected for surgical treatment. Kuopio University Hospital in Eastern Finland covers 
a population of approximately 250 000 inhabitants. The university catchment area included one 
university hospital (Kuopio), four central hospitals (Joensuu, Jyväskylä, Mikkeli, Savonlinna) and 
four regional hospitals (Iisalmi, Jämsä, Pieksämäki, Varkaus) with 900 000 inhabitants. LSS pa-
tients are treated operatively in all these hospitals. However, the LSS patients of the two regional 
hospitals (Iisalmi, Varkaus) are referred to Kuopio University Hospital for operative treatment. 
The inclusion criteria were: 
1) the presence of severe back, buttock, and/or lower extremity pain, with radiographic 
evidence (CT, MRI, myelography) of compression of the cauda equina or exiting nerve 
roots by degenerative changes (ligamentum flavum, facet joints, osteophytes, and/or 
disc material); 
2) the surgeon’s judgment in clinical and radiological evaluation that the patient had LSS 
requiring operative treatment. 
The exclusion criteria were: emergency or urgent spinal surgery precluding recruitment and 
protocol investigations; cognitive impairment prohibiting completion of the questionnaires 
or other failures in co-operation, or the presence of metallic particles in the body preventing 
the magnetic resonance imaging investigation. A previous spine operation or coexisting disc 
herniation was not an exclusion criterion. 
The surgeons sent the information on patients eligible for operation to the DPRM. The study 
protocol was approved by Kuopio University Hospital Ethics Committee, and all subjects pro-
vided written informed consent.
4.2.2 surgical treatment (II-Iv)
All the patients had open or microscopic decompressive surgery of the affected level(s), i.e. 
laminotomy, hemilaminectomy or laminectomy, with undercutting facetectomy. Nineteen pa-
tients had additional fusion (two with instrumentation) due to concomitant spondylolisthesis. 
In seven cases, additional disc excision was performed.
4.2.3 outcome measures (II–Iv)
The clinical outcome was evaluated in order to determine pre- and postoperative disability, 
pain, walking ability and postoperative satisfaction. Subjective disability was measured by the 
validated Finnish version of the ODI (0–100%), where 0% represents no disability and 100% ex-
treme debilitating disability (Fairbank et al.  1980). Back pain at rest (during the previous week) 
and leg pain at walking (during the previous week) were measured separately with a numeric 
rating scale from 0–10 (NRS-11). The questions concerning pain were anchored on the left (0) 
with the phrase “No pain” and on the right (10) with the phrase “Intolerable pain” (Breivik et 
al. 2000). The overall back and leg pain (currently, in the sitting position during study physician 
visits) was recorded with a visual analogue scale (VAS; 0–100 mm) (Price et al. 1983).  A physi-
otherapist supervised the treadmill test. The patient was asked to keep in a straight upright posi-
tion during walking (0 degree ramp). The starting speed was 0.67 m/s for the first 10 minutes 
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(400 m), then 1m/s for the next 10 minutes (600 m), and the maximum result was thus for 1000 
m in 20 minutes. If the patient was unable to start with the speed of 0.67 m/s, another test with 
a starting speed of 0.5 m/s was applied. At the follow-up, satisfaction with the surgical outcome 
was assessed using a scale with seven categories scored as follows: -3 = surgery was a total 
failure; -2 = condition considerably worse; -1 = condition slightly worse; 0 = no change; 1 = condi-
tion slightly improved, 2 = condition considerably improved; 3 = totally cured. A questionnaire 
devised by Stucki (Stucki 1996) that assessed LSS-related symptom severity, physical disability 
and postoperative satisfaction, with higher scores indicating more LSS-related problems and 
dissatisfaction, was used in this study. The questionnaire was translated into Finnish by T.A., 
and a native English speaker checked the translation. There are currently no published valida-
tion studies using the Finnish version of the Stucki questionnaire. Only the first of the three 
Stucki scales was analysed in this study: the 7-question scale on symptom severity, where all 
but one item had Likert response scales with 5 categories scored 1–5 (none; mild; moderate; 
severe; very severe). The score was calculated as an unweighted mean of all answered items. 
Self-reported persistent walking capacity was recorded in meters.
Study II: The data collection took place with the same set of questionnaires preoperatively and 
3 months, 6 months, 1 year and 2 years postoperatively. The OMs were the ODI, VAS, the self-
reported walking capacity and the questionnaire devised by Stucki (all as continuous variables).
In grouping patients according to their depressive status, the cut-off point for depression on 
the BDI scale was set at 9/10, 0 to 9 indicating normal mood and 10 or more indicating depression, 
that is, elevated depressive symptoms (Beck 1961; Beck and Beamesderfer 1974; Beck et al. 1988) 
preoperatively and on follow-up. Thus, four groups were created based on the depressive status 
at baseline and on two-year follow-up: 
1) normal mood =  no depression preoperatively or on follow-up; 
2) continuous depression = depression at baseline and on follow-up; 
3) recovered depression = depression at baseline but not on follow-up; 
4) emerging depression = normal mood at baseline but depressed on follow-up.
First, the changes in OMs (preoperative to 2-year follow-up) of groups 2–4 were compared to 
group 1 in order to determine whether there was any difference in the improvement in OMs 
between patients with preoperative depression, continuous depression or emerging depres-
sion, compared to the improvement of patients in a normal mood. In further analysis, the effect 
of depression and other predictors on the outcome was studied.
Preoperative predictors (covariates) in all models are presented below
 – age (years)
 – gender (male: no/yes)
 – marital status (married/cohabiting: yes/no)
 – somatic comorbidity, i.e. self-reported number of current or recurring somatic diseases 
diagnosed by a physician (over median (5): no/yes) assessed with the Work Ability Index 
questionnaire (Tuomi et al. 1998)
 – symptom severity in the Stucki questionnaire ≥ median (3.3), no/yes
Depression according to the BDI scale was studied in three separate models
Model I: Continuous BDI score + predictors above
Model II: Depression burden (the sum of preoperative, 3- and 6-month BDI) + predictors above
Model III: Depression burden ≥ median (20) no/yes + predictors above
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Study III: The data collection consisted of the preoperative and postoperative results of the 
two-year follow-up, OMs being satisfaction and ODI. Outcome-specific predictors for good 
satisfaction and improvement in ODI were determined.
With respect to satisfaction, a “good outcome” consisted of those patients who were either 
“totally cured” or for whom the “condition considerably improved”, whereas “worse outcome” 
consisted of the other responses.
A good outcome in the ODI (0–100%) was considered as a >30% improvement over the 
pre-surgery score (((postsurgery score - presurgery score)/presurgery score) x 100%) modified 
by Mannion et al. (2006), where an 18% reduction in the presurgery score or approximately a 
10-point change in the ODI could be considered as a good outcome after spinal surgery. 
Predictors were gathered from responses in the preoperative questionnaire, unless otherwise 
stated. In the text, predictors are italicized. Patient-related predictors were age (years at opera-
tion), gender, body mass index (kg/m2; measured preoperatively by a physiotherapist), smoking (0 
= never smoked; 1 = I have stopped smoking; 2 = yes, occasionally; 3 = yes, regularly); marital 
status (married/cohabitating, yes/no) and education (secondary education or academic degree, 
yes/no). Each patient’s self-rated health was assessed by the question “How would you rate your 
health at present”? (0 = good; 1 = quite good; 2 = average; 3 = quite poor; 4 = poor), modified 
from Katz et al. (1999). Comorbidity affecting walking ability was assessed using preoperative 
medical charts from the study visit, medical charts of surgeons and the Work Ability Index 
(WAI; patients reporting musculoskeletal diseases; Tuomi et al. 1998) to prove a clear objec-
tive disability affecting walking, in addition to LSS. The self-reported number of current or 
recurring diseases diagnosed by a physician, i.e. number of comorbidities, was assessed with a 
sum score (range 0–49) using the WAI questionnaire.  Diabetes (type 2; yes/no) was detected 
separately with the WAI score. 
With respect to preoperative treatment, the number of preoperative physiotherapy sessions or guid-
ed gym visits was included; the use of analgesics (frequency) was assessed by the question “Have 
used analgesics during the last month? (0 = no; 1 = occasionally; 2 = about once a week; 3 = a few 
times a week; 4 = daily or almost daily; 5 = I use analgesics all the time at the maximum doses); 
the duration of analgesic use was assessed with question “How long have you regularly used anal-
gesics for your back problem or radiating pain to the lower extremities?” (0 = no use of analgesics 
or under one month; 1 = 1–3 months; 2 = 3–6 months; 3 = 6–12 months; 4 = over one year).
In-patient rehabilitation due to back problems (yes) and the preoperative use of a supportive belt dur-
ing the last year (0 = no; 1 = occasionally; 2 = about once a week; 3 = few times a week; 4 = daily 
or almost daily) were evaluated. Previous lumbar operation was recorded using medical charts. 
The cut-offs of predictors, in order to use clinically oriented cut-off limits regarding the 
number of study groups, are presented in Tables 1 and 2 in study III. With respect to age, a 
cut-off of 75 years was chosen (Vitaz et al. 1999). With respect to BMI, 30 was considered as the 
border between slight and moderate obesity (Mustajoki et al. 2002). With respect to comorbidi-
ties and preoperative physiotherapy, the median split of the data was used. With respect to 
the duration of preoperative use of analgesics, several cut-offs were tested, and only the most 
significant cut-off was used in the multivariate model if more than one cut-off value reached 
a sufficient significance level. 
Study IV: The patients were included and randomized into a control group or a rehabilita-
tion group. Data were collected using questionnaires administered preoperatively and 3, 6, 12 
and 24 months postoperatively. The OMs were ODI (main OM), back pain at rest (during last 
week), and leg pain at walking (during the previous week), performance in the treadmill test 
(not at 6 months) and satisfaction.  The effect of intervention was determined.
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Intervention was based on the principles of “conventional physiotherapy”, since there were 
no proven superior methods for LSS.
Three months postoperatively, once-a-week supervised exercise training sessions (90 min 
each, lasting 12 weeks) were started at DPRM, Kuopio University Hospital. At the first and sec-
ond visits, a physiotherapist supervised the stretching and strengthening exercises. Exercising 
continued at home and in the following training sessions. In the physiotherapeutic training 
sessions there were at maximum 6 group A patients per physiotherapist, enabling individually 
tailored exercises. At the 6th and 12th visits, the volume and/or type of exercises, if needed, were 
progressively increased (or decreased/modified if there were complaints of pain or other symp-
toms) to optimize the effectiveness of the training. This 12-week intervention was repeated 
at the one-year follow-up in order to check the appropriateness of the home exercises and to 
motivate patients to keep training. The strengthening exercises were intended to maintain and 
improve muscle strength and endurance of the hip and thigh muscles, as well abdominal and 
back muscles. There were a minimum three different types of strengthening exercises. The 
recommended frequency of these exercises was at least 3–5 times per week. Each type of ex-
ercises was performed 3–5 times per day, with a repetition frequency of 60% of the maximum.
The aim of the minimum of four different stretching exercises was to increase stretchability 
and reduce muscular tightness if they were present in hip flexor and hamstring muscles, as 
well as in the back muscles. The recommended frequency was once a day. Each type of stretch-
ing lasted for 20–30 seconds and was repeated 3–5 times after a 5–10 -min warm-up. 
Four trained physiotherapists (personnel of DPRM) were involved in supervising and moni-
toring the exercise sessions, where each of the participants undertook their own programmed 
sessions. Patients were verbally instructed on how to perform the exercises, given pictures illus-
trating the positions and an “exercise diary” to improve their motivation to perform the exercises 
at home. We presumed a minimum of 6/12 visits (50%) in first 12-week intervention as meaning 
that the patient had adopted an effective home exercise program (= A’ group or ”as-rehabilitated 
group”).  We did not set minimum amounts but only provided recommendations regarding the 
minimum amounts of stretching and strengthening exercises to be done at home.
4.2.4 statistical analysis
    
Study II
First, the changes in the outcome scores of patients with a normal mood (n = 43) were compared 
separately with other groups (patients with continuous depression (n = 23); the recovered pa-
tients (n = 22); and patients with emergent depression (n = 5)). The Student’s t-test or the Mann–
Whitney U-test with continuous variables was used, depending on the data distribution. 
In further analyses, logistic regression analysis was used to examine the preoperative fac-
tors independently associated with a poor surgery outcome on 2-year follow-up. Regression 
analyses were performed using the data for the final 96 patients on two-year follow-up without 
imputations (four patients had died, one patient had dropped out of the study and one patient 
had missing BDI data). Due to missing data on some preoperative variables, the number of 
patients was 93 in the group comparisons according to depression status. 
Study III
Univariate analysis (Pearson chi-squared) was applied to investigate the significance level for 
each predictor. Following univariate analysis, predictors with a significance level p < 0.1 were 
included in a binary logistic multivariate model to adjust for intervariable associations. Statistical 
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significance was accepted at the p < 0.05 level, and significant predictors in the multivariate mod-
els were considered as the main results. All the patients (n = 102) were evaluated preoperatively. 
Drop-outs were excluded from the analysis (1 patient). To ensure maximum statistical power, 
the data from the latest follow-up of four patients who had died before the two-year follow-up 
were included in the analysis (representing 6–12-month postoperative follow-up data on these 
patients; data not shown). Thus, the data of 101 patients were finally analysed. 
Study IV
Two-block randomization: After inclusion, each patient was placed in a four-square table (the 
proportions of patients aged over/under 60 years and gender in the study groups were adjusted 
with this table). After the next included patient with the same gender and age group, randomi-
zation was carried out by two authors of the study using a coin flip. In the case where a patient 
refused rehabilitation intervention but wanted to participate as a control, the next procedure 
was conducted: the patient in question was placed in a four-square table and coded as a con-
trol (group B). The next included patient with same square (same gender and age group) was 
considered as belonging to the rehabilitation group (A). If there was already a previous patient 
in the same square when placing a patient refusing rehabilitation, the previously included 
patient was coded as group A and the incoming rehabilitation-refusing patient as group B. 
In the case where two consecutive patients refused rehabilitation, they were coded as group 
B and the next two patients in the same square were coded as group A. The randomization 
process was then continued.
After two-block randomization, the control group (B) consisted of 52 patients, and in the 
rehabilitation group (A) there were 50 patients. 
A general linear regression model (GLM; repeated measures) was used to assess the differ-
ences between groups A and B during the 3–24-month follow-up (SPSS, Version 14.0.1). The 
analyses performed were “as-rehabilitated analysis” and also “intention to treat analysis”.
In the two-year follow-up there were a total of 49 patients in the control group, while in the 
active rehabilitation group, the OMs of the two-year follow-up were available for 48 patients, 
of whom 41 had performed the rehabilitation intervention acceptably. The covariates were the 
frequency of back exercise training (FBE; exercises following the previous study visit) on a scale of 
0–3 assessed with the question “How often have you performed the exercises during the last 3 
months?” (0 = daily training; 1 = 3–5 times/week; 2 = 1–2 times/week; 3 = less than once per week). 
Power calculations were carried out for the main OM (ODI). The postoperative SD of ODI was 
estimated to be 18 (based on earlier LSS studies in Kuopio). Thus, 37 patients per study group 
would be sufficient to detect a 12-point clinically significant difference in ODI. The final total 
group size of over 100 was chosen to ensure power calculation could be performed, allowing for 
a dropout rate of up to 20%, in addition to the possibility that the SD had been underestimated. 
4.2.5 Imputations (III–Iv)
Missing data (imputations) of OMs were dealt with as follows in studies III–IV: for the first 
postsurgery assessment (3 month), the values were imputed by using the patient’s preopera-
tive value and assuming the same percentage change from presurgery to postsurgery value 
as obtained in the whole group. The same procedure was used if the preoperative value was 
missing, but the first postoperative value was available. At all other follow-ups, the last value 
was carried forward. In study III with the predictors, no imputations were made. For the 
variable “preoperative number of physiotherapy/guided gym sessions”, 13.7% of values were 
missing, while for other predictors the respective proportion was mean 1.4% (range 0–5.9%).
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5 Results
5.1 SYSTEMATIC REVIEW: QUALITY AND NUMBER OF PREDICTORS (I) 
In the literature search for the systematic review, a total of 885 abstracts were found from the 
reference databases. All the potential articles were read, and ultimately 21 were included in 
the review. Eight (38%) of the 21 articles scored ≥ 7 points out of 13, and were thus graded as 
high quality (HQ) studies. Five of these had minimum of a 2-year follow-up.
Based only on HQ prospective literature up to 30 April 2005, evidence of separate preopera-
tive predictors in LSS was not strong. Only depression was reported twice to predict worse 
postoperative symptoms in high quality studies, and another sixteen predictors were reported 
for different OMs. There were nine predictors for postoperative symptom severity and satisfac-
tion, six predictors for postoperative walking ability and only three predictors for postopera-
tive functional ability (Table 3). 
5.2 TWO-YEAR CLINICAL OUTCOME OF 102 OPERATED LSS PATIENTS 
A description of the study population from the preoperative phase to the two-year follow-up 
is presented in Table 4.  Four patients died and there was one drop-out during the two-year 
follow-up. There was significant improvement in all OMs postoperatively (Table 4). The pro-
portions of excellent or good satisfaction with surgery were 64% and 61% at the 3- and 24 
month follow-ups, respectively. The number of patients who reported no improvement or a 
deterioration in their condition varied between 8 and 18 on follow-up, being in its minimum 
(8/102) at the two-year follow-up (Table 4).
5.3 DEPRESSION IS ASSOCIATED WITH A POORER OUTCOME OF LUM-
BAR SPINAL STENOSIS SURGERY (II) 
The patients with continuous depression showed postoperatively poorer improvement in the 
Stucki symptom severity score (p < 0.001), fewer improvements in the ODI (p < 0.01) and in re-
ported walking capacity (p < 0.05) than the patients who did not have depression at any stage. 
In those patients who recovered from depression, the postoperative improvement roughly re-
sembled that of the constant normal mood group. The small group of patients with emerging 
depression during the follow-up showed only marginal improvements in their symptom sever-
ity and disability scores, as opposed to the improvements in the constant normal mood group.
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Table 3. Predictors in the systematic review for four main types of outcome measures.
Predictors of low quality studies are italicized. 1Lateral stenosis. DSCA = Dural sac cross-sectional 
surface area.
    





Follow-up First author, year
Less pain/symptom severity 
1. Fewer depressive symptoms 2 6 and 24 months Iversen 1998, Katz 1999
2. Less cardiovascular comorbidity 1 24 months Katz 1999
3. Better self-rated health 1 24 months Katz 1999
4. Higher income 1 24 months Katz 1999
5. No disorder influencing walking 
ability
1 5 years Jönsson 1997b
6. No preoperative scoliosis 1 24 months Frazier 1997
7. Spinal canal AP diameter ≤ 6 mm 1 5 years Jönsson 1997b
8. Shorter duration of symptoms1 1+1 24 months Jönsson 1994, Jönsson 1993
9. Less pain relief expectations 1 6 months Iversen 1998
= 9 predictors for pain/symptom severity
Better satisfaction
1. Fewer depressive symptoms 1 24 months Katz 1999
2. Less cardiovascular comorbidity 1 24 months Katz 1999
3. Better self-rated health 1 24 months Katz 1999
4. Higher income 1 24 months Katz 1999
10. Better walking ability 1 24months Katz 1999
11. More ambitious expectations      
of physical function 
1 6 months Iversen 1998
12. Less comorbidity 1 6 months Katz 1995
13. Less back pain 1 6 months Katz 1995
= 8 predictors for satisfaction
Better walking ability
2. Less cardiovascular comorbidity 1 24 months Katz 1999
3. Better self-rated health 1 24 months Katz 1999
4. Higher income 1 24 months Katz 1999
10. Better walking ability 1 6 and 24 months Iversen 1998, Katz 1999
14. Younger age 1 6 months Iversen 1998
15. Male gender 1 6 months Iversen 1998
= 6 predictors for walking ability
Better functional ability
12. Less comorbidity 1 6 months Iversen 1998
11. More ambitious expectations      
of physical function
1 6 months Iversen 1998
16. DSCA  < 70 mm2 in MRI 1 24 months Yukawa 2002




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 5. Associations of the Beck Depression Inventory score (BDI) with a two-year good and 
worse outcome according to the Oswestry Disability Index (ODI) and satisfaction. MWU = Mann-
Whitney U-test. 
  
Good outcome Worse outcome
ODI >30% Improvement ≤30% Improvement p-value
BDI at baseline (mean) 9.0 (1-25; SD 5.2) 12.2 (1-36;SD 6.7)                0.009 t-test
BDI at 24 month (mean) 5.8 (SD 4.7) 10.7 (0-25; SD 6.5)            <0.0001 t-test
BDI preop+3mo+6mo (mean) 19.1 (2-63; SD 12.8) 34.1 (1-94; SD 19.0)        <0.0001 t-test
BDI ≤9 at baseline 54.1% 31.6% <0.029  MWU
BDI ≤14 at baseline 85.2% 71.1% 0.089  MWU
BDI ≤9 at 24 month 86.7% 44.4% <0.0001 MWU
BDI ≤14 at 24 month 95.0% 72.2% 0.002  MWU
BDI preop+3mo+6mo (mean) 
≥ 20 (median)
66.1% 21.6% <0.0001 MWU
Satisfaction Considerably improved 
or totally cured
Slightly improved or 
worse satisfaction       
p-value
BDI at baseline (mean) 9.3 (1-25; SD 5.3)               12.0 (1-36; SD 6.9) 0.027 t-test
BDI at 24 month (mean) 6.3 (0-26; SD 5.0) 10.1 (0-25; SD 6.7) 0.002 t-test
BDI preop+3mo+6mo (mean) 21.1 (2-63; SD 14.2) 32.3 (1-94; SD 19.7) 0.002 t-test
BDI ≤9 at baseline 53.1% 31.4%  0.039 MWU
BDI ≤14 at baseline 84.4%                                                                   71.4% 0.127 MWU
BDI ≤9 at 24 month 82.3% 50.0% 0.001 MWU 
BDI ≤14 at 24 month 91.9% 76.5% 0.035 MWU
BDI preop+3mo+6mo (mean) 
≥ 20 (median) 58.3% 30.3% 0.01 MWU
  
In logistic regression model 1, an independent association was detected between a high preop-
erative BDI score and the 2-year ODI (p < 0.01) and Stucki symptom severity score (p < 0.01). In 
addition, a higher preoperative age independently associated with worse postoperative symp-
tom severity (II; Table 2). In logistic regression model 2 with the depression burden variable, 
independent associations were seen between the depression burden (the sum of preoperative, 
3- and 6-month BDI scores) and ODI (p < 0.001), Stucki symptom severity score (p < 0.01) and 
a poorer walking capacity (p < 0.05). Finally, in model 3 (with a classified depression burden 
variable), a high depression burden was independently associated with the ODI (p < 0.001), 
Stucki symptom severity score (p < 0.01) and a poorer walking capacity (p < 0.01). The BDI scale 
or depressive burden variable did not predict the postoperative VAS. 
In addition to results in study II, the different cut-off points and sum scores and their pre-
dictive value for outcome measures used in study III are presented in Table 5. The preopera-
tive depressive symptoms with a BDI cut-off of 9/10 as well as the “depression burden score” 
were associated with a good improvement in the ODI and good satisfaction. However, the 
BDI cut-off of 14/15 in the preoperative phase had no significant association. In Table 5, the 
associations of the BDI sum score (preoperative + 3-month + 6-month BDI score) and two-year 
outcome, reflecting the significant association between the negative predictive value of pre- 
and early postoperative depressive symptoms and the two-year outcome. Cross-sectionally at 
the two-year follow-up, there were significant associations between the two BDI score cut-offs 
(9/10 and 14/15) and a good functional outcome (p < 0.0001 and p = 0.002, respectively) as well 
as satisfaction (p = 0.001 and p = 0.025, respectively).
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5.4 PREOPERATIVE PREDICTORS FOR TWO-YEAR POSTOPERATIVE    
SATISFACTION AND FUNCTIONAL OUTCOME IN LSS: A PROSPECTIVE 
OBSERVATIONAL STUDY (III) 
5.4.1 Predictors for good satisfaction
From preoperative phase to the 2-year follow-up, predictors for good to excellent satisfaction 
were age < 75 years at operation (OR 4.03; 95% CI 1.35–12.02; p = 0.012) and no previous lumbar 
operation (OR 3.65; 95% CI 1.13–11.79; p = 0.031).
5.4.2 Predictors for good functional improvement
Predictors for good improvement (>30% relative improvement to presurgery score) in postop-
erative functional ability (ODI) were preoperative use of analgesics less than 12 months (OR 3.40; 
95% CI 1.21–9.53; p = 0.020); self-rated health above average (good or quite good) (OR 3.27; 95% CI 
1.06–10.12; p = 0.039), and no smoking (OR 3.47; 95% CI 1.09–11.03; p = 0.035). 
5.5 POSTOPERATIVE REHABILITATION DOES NOT IMPROVE FUNCTION-
AL OUTCOME IN LSS (IV)
The aim was to examine whether postoperative supervised outpatient rehabilitation with 
home exercises (strengthening and stretching exercises) could improve the postoperative clini-
cal outcome. The control group received “standard” postoperative treatment (prescribed by 
surgeon/GP, or no treatment/self-management). In the control group (B), 7 of 50 patients were 
not able to undertake the presumed (6/12) number of physiotherapeutic intervention visits. 
There was also one drop-out and one patient died in group A. The outcome of rehabilitation 
is presented in Table 6. The postoperative intervention did not improve the outcome compared 
to the standard treatment. 
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Table 6. Outcome of rehabilitation intervention
A´  = patients who performed acceptably at the 3–6-month intervention (as-rehabilitated analy-
ses). A = all group A (intention to treat analyses). B = standard treatment group. Mo = month(s). 
ODI = Oswestry Disability Index. VAS = Visual Analogue Scale. P-values (p) in general linear 
models (repeated measures; tests of within-subject effects, Huynh-Feldt) between study groups 
at 6-, 12- and 24-month primary end points are italicized.
Means of outcome measures of rehabilitation intervention        
                                                                  at baseline at primary end points
Postoperative stage 3 mo 6 mo 12 mo 24 mo
ODI (0–100%)
A´ (SD)   p (A´ vs B) 22.0 (15.3) 19.4 (15.8 ) 0.74 22.2 (17.9) 0.43 22.4 (18.3) 0.95
A (SD)   p (A vs B) 24.3 (15.9) 22.5 (17.8) 0.70 24.8 (19.1) 0.46 23.9 (19.1) 0.88
B (SD) 29.7 (20.5) 26.4 (19.1) 31.0 (20.1) 28.9 (19.6)
Back pain (0–10)                   
A´ (SD)   p (A´ vs B) 1.3 (1.7) 1.2 (1.7) 0.29 1.4 (1.7) 0.27 1.1 (1.8) 0.47
A (SD)   p (A vs B)                                  1.6 (1.9) 1.4 (1.8) 0.33 1.6 (2.0) 0.27 1.5 (2.1) 0.61
B (SD) 2.0 (2.6)             2.0 (2.6) 2.4 (2.6) 2.2 (2.5)
Leg pain (0–10)
A´ (SD)   p (A´ vs B)                                 2.4 (2.4) 2.1 (2.3) 0.10 2.6 (2.8) 0.30 2.6 (2.9) 0.43
A (SD)   p (A vs B)                      2.7 (2.6) 2.4 (2.4) 0.11 2.8 (2.9) 0.26 2.8 (2.9) 0.69
B (SD) 3.2 (2.8) 3.5 (2.9) 3.5 (3.1) 3.8 (2.8)
Satisfaction [3-(-3)]           
A´ (SD)   p (A´ vs B)                                 1.7 (0.9)      1.9 (1.0) 0.50 1.5 (1.0) 0.29 1.7 (1.1) 0.30
A (SD)   p (A vs B) 1.7 (0.9) 1.8 (1.0) 0.49 1.5 (1.1) 0.44 1.7 (1.0) 0.50
B (SD) 1.3 (1.2)             1.4 (1.0) 1.3 (1.4) 1.4 (1.1)
Treadmill (0–1000m)    
A´ (SD)   p (A´ vs B) 758 (392) - 778 (372) 0.86 787 (354) 0.86
A (SD)   p (A vs B)                              762 (381) - 759 (388) 0.70 782 (367) 0.58
B (SD) 718 (411) - 751 (390) 738 (375)
Walking ability (m)   
A´ (SD)   p (A´ vs B) 3193 (3803) 3776 (4006) 0.35 3914 (4862) 0.73 3551 (3920) 0.64
A (SD)   p (A vs B)                       968 (3558) 3416 (3776) 0.57 3598 (4591) 0.89 3279 (3717) 0.82
B (SD) 2168 (1844)         2218 (1780) 2398 (2144) 2173 (1800)
Symptom severity by Stucki (0–5) 
A´ (SD)   p (A´ vs B)                               2.3 (0.6) 2.1 (0.7) 0.85   2.3 (0,8) 0.79 2.2 (0.7) 0.45
A (SD)   p (A vs B)                      2.3 (0.6) 2.3 (0.7) 0.43 2.4 (0.8) 0.53 2.3 (0.7) 0.32
B (SD) 2.5(0.7) 2.5 (0.8) 2.7 (0.8) 2.7 (0.7)
VAS (0–100 mm)         
A´ (SD)   p (A´ vs B) 13.9 (18.6) - 16.4 (20.9) 0.78 11.2 (17.2) 0.89
A (SD)   p (A vs B)                            15.4 (18.0) - 18.9 (22.8) 0.47 13.7 (20.1) 0.71
B (SD) 23.2 (25.3) - 22.0 (23.5) 14.9 (19.3)
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6 Discussion
6.1 BACKGROUND TO THE SETTING HYPOTHESIS AND THE START OF  
THE STUDY
The foundation of surgical decision-making has always been the risk-to-benefit ratio. 
Traditionally, the risks of complications and death, predicted by comorbid conditions, have 
been balanced against the benefits of disease management; that is, the relief of symptoms or 
prevention of disease-related complications. In LSS, the predictor studies were claimed to be 
small, retrospective, and a limited number of and range of potential predictor variables had 
been analyzed (Katz et al. 1999). The planning of this study started in July 2000. There was clear 
need to strengthen the existing knowledge of predictors in a prospective study setting with 
prompt determination of preoperative predictors and OMs. The LSS study in Kuopio was well 
established, and several publications on surgical results and also factors predicting the out-
come in LSS have been published since the 1980s. This experience of research on LSS and pre-
vious collaboration with surgical and neurosurgical departments enabled the relatively rapid 
planning (funding; total study examination protocol including the questionnaire, physiothera-
pist and physician tests and examinations; radiological examinations) and start of the study. 
Several hypotheses were set. The main focus was preoperative predictors and their predictive 
value. Thus, the project was named according this predictive scope as “ENNUSSTENOOSI”.
In addition to traditional predictors such as age, gender and obesity, attention was paid 
to comorbidities, psychological variables, the use of medication and other preoperative con-
servative treatments, and a clinical examination was also performed and subjective symptom 
severity and functional ability were carefully examined at baseline. 
Postoperative rehabilitation was the second main focus of this project. No previous studies 
had been conducted on postoperative rehabilitation in LSS. Noting that one-third of surgical 
patients have poorer than good-to-excellent results after LSS surgery, the potential improve-
ment of the outcome by means of rehabilitation was considered very important to assess. 
6.2 RECRUITMENT OF PATIENTS AND METHODOLOGICAL ASPECTS 
The funding was granted from the Kuopio EVO fund in September 2001, and the first patient 
entered the study a month later.  Thus, at the start of the study there was intense work in 
gathering information for the study, organizing the fluent recruitment and study protocol of 
patients synchronized with their upcoming operation. Regarding the natural course of LSS, 
surgical treatment is mostly elective, as was also the case in this project. The waiting time be-
fore the operation after decision to operate had been made varied considerably, obviously due 
to differences in symptoms between individual patients. This waiting time was not recorded 
in this study. For the fluent organization of the study protocol, the patient examinations had to 
be ordered as soon as possible. The return of the questionnaire was, however, often performed 
optimally just before operation, but in some cases there were several months between com-
pleting the questionnaire and undergoing the operation. The aim was that this study project 
would not interfere with the “normal treatment” of LSS patient who require surgical treatment 
at Kuopio University Hospital. If the operating surgeon or GP postoperatively consulted DPRM 
about the study patient, this consultation was performed in the normal manner. Otherwise, 
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the study physician at DPRM (T.A.) did not interfere with treatment unless the surgeon con-
sulted DPRM about further postoperative treatment, and if patient passed to T.A. Otherwise, 
the postoperative intervention was the only exception.
The Departments of Orthopaedics and Neurosurgery send the information on the eligible 
patients to DPRM. The author T.A. checked the main diagnosis, the inclusion and exclusion 
criteria, and contacted the patients. In most cases the patients were motivated to participate. 
Examinations, the rehabilitation intervention and travelling opportunities caused the most 
questions in contacts with patients in the inclusion phase. Study-related extra examinations 
could be regarded as a motivating factor, as was the extra rehabilitation intervention. However, 
ten patients refused rehabilitation, mostly due to their limited possibilities to travel. This raised 
the question of whether the randomization protocol was adequate: excluding patients who re-
fused rehabilitation would have prolonged the inclusion phase, and the planned rehabilitation 
intervention in small groups would also have required a longer period. There were limited 
funds for the study project and no funds at all for organizing the follow-up of the “third arm”, 
i.e. the patients who refused the rehabilitation intervention. After careful consideration, the 
decision was made that patients who refused the rehabilitation intervention would participate 
as members of the control group. In two-block randomization, the incidence of this type of 
patient can, however, be considered as a random event. 
This possibility to refuse rehabilitation intervention was probably the main reason why 
there were significantly more severe symptoms and worse disability preoperatively in group 
B. This difference declined after the operation to a nonsignificant level. The courses of the main 
OM (ODI) were, however, stable in both groups, indicating no benefit of rehabilitation. This 
was also the finding with other OMs (IV).
6.3 DROP-OUTS
There was only one drop-out between the 6- and 12-month follow-up (group A). Four patients 
died of non-study-related causes: one during the 6–12-month follow-up (group B) and three 
during the 12–24-month follow-up (1 in group A, two in group B). Thus, the total loss to follow-
up was 5/102 (4.9%). This can be regarded as very good result, indicating the good compliance 
and motivation of the study subjects.
6.4 PREDICTORS AND THEIR OUTCOME SPECIFITY IN THE SYSTEMATIC 
REVIEW
Sixteen significant predictors were found from the systematic literature review: nine predic-
tors for postoperative symptoms and eight predictors for satisfaction. Notably, functional abil-
ity, which is often the main OM in spine studies, was only predicted by three predictors. 
Postoperative subjective walking ability was predicted by six predictors.
Of the somatic comorbidities, cardiovascular comorbidity was the most specific predictor, 
having predictive value in three OMs (symptom severity, satisfaction and walking capacity) 
in the same study (Katz et al. 1999). The mechanisms presented in the original study were 
exertional angina or dyspnea on exertion, which could limit the walking capacity. The mecha-
nism through which cardiovascular comorbidity leads to persistent pain is not clear: vascular 
supply plays an important role in nerve dysfunction (Rydevik and Olmarker 1996), and the 
atherosclerotic involvement of arteries supplying the spine may contribute to an ischemic pain 
syndrome (Kauppila et al. 1997). 
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Other somatic predictors were overall comorbidity and a disorder affecting walking ability. 
The inferior impact of overall comorbidity on postoperative subjective functional ability may 
reflect the fact that although the LSS operation may relieve symptoms and back-related disabil-
ity such as neurogenic claudication, this would definitely not mean that other comorbidities 
and their effect on overall disability would disappear. With respect to hip or knee arthrosis as 
disorders affecting walking ability, it is a clinical challenge to first discriminate the symptoms 
related to back and articular pain; even if the surgeon can clearly determine that the symptoms 
may be partly due to articular arthrosis, the patient may expect that all pain will disappear 
after lumbar decompression. If articular pain remains after a successful back operation, the 
patient may experience the operation as not being successful. These points are supported by 
patients’ expectations as predictors: those patients who had numerous expectations for pain 
relief had an inferior outcome with respect to postoperative pain. 
There were three significant radiological predictors: More severe central stenosis in myelog-
raphy (AP diameter ≤ 6 mm) and a dural sac area under 70 mm2 predicted fewer postoperative 
symptoms and a better functional ability, respectively. The presence of scoliosis predicted more 
postoperative pain. Numerous radiological predictors with no predictive value were identi-
fied: the extent of preoperative spondylolisthesis (two studies), type of stenosis (three studies), 
coexistent disc herniation and aorta calcification had no effect on outcome.
Preoperative depression predicted worse postoperative symptoms (pain) in two HQ studies 
(Table 1), and also less treatment satisfaction. In univariate analysis, a significant association 
was also found with postoperative walking ability (2-year follow-up) and global satisfaction 
(6-month follow-up). 
6.5 THE ROLE OF THE BECK DEPRESSION INVENTORY AS AN INDICATOR 
OF A WORSE OUTCOME
In study II we assessed the predictive value of depression using the well-documented BDI scale 
as a predictor in three separate ways (models I–III). The OMs were divided into those under the 
median (M) versus on the median or over: ODI (M = 24%), VAS (M = 0 mm), Stucki severity (M 
= 2.4) and walking capacity (M = 2000 meters). In model I, BDI as a continuous score predicted 
both the postoperative ODI and symptom severity. This finding adds the depression screening 
instrument BDI to a small group of predictors of postoperative functional ability in the litera-
ture. Before our studies there had been no reports of BDI as a predictor in LSS. The predictive 
value for postoperative symptom severity is in line with the systematic review and strengthens 
the conception that preoperative depressive symptoms may predict the 2-year postoperative 
follow-up. In the second model in study II, the predictive value of the BDI sum score (as a con-
tinuous variable) from preoperative phase up to the 6-month postoperative phase was used to 
predict the 2-year follow-up. This sum score, or “depression burden”, predicted the ODI, Stucki 
symptom severity and also the reported walking capacity. In the third model, the depression 
burden was used as categorized variable (under the median: no/yes) with the same results as 
in model two. These findings indicate that preoperative depressive symptoms had serious ef-
fects on the clinical (surgical) outcome at the 2-year follow-up. The predictive power of depres-
sive symptoms further increased when the depression burden variables were included in the 
analyses. One explanation may be the altered motivational state and executive-type cognitive 
impairments associating with depression, including low motivation for physical exercise and 
activity.  However, factors other than those of a psychological nature may have affected our 
findings. Persistent elevation in low-grade inflammatory activity – a physiological state closely 
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associated with the pathophysiology of depression – may have direct effects on the process 
of physical rehabilitation among the LSS patients (Raison 2006, Pace et al. 2007, Danzer et al. 
2008, Miller et al. 2009).   
In comparing the patients with different depression statuses, an important finding was 
clear differences in postoperative improvement between the patient groups according to their 
depression status: The patients with continuous depression showed postoperatively poorer im-
provement in symptom severity, their disability score and walking capacity than the patients 
who did not have depression at any stage. Interestingly, in those patients who recovered from 
depression, the postoperative improvement roughly resembled that of the constant normal 
mood group. 
Only seven patients reported having used antidepressant medication on 2-year follow-up, 
which suggests either a failure to diagnose depression or a lack of appropriate antidepres-
sive treatment. Three of these patients on antidepressants were in the normal mood group, 
three were in the constant depression group and one patient was in the emerging depression 
group. An interesting topic to be addressed in future studies is whether the active treatment 
of depression improves the outcome of LSS surgery. 
A question also remains concerning the role of a successful or unsuccessful surgical out-
come on depressive symptoms: as stated above, the causality might also occur so that patients 
who experience a postoperative improvement in symptoms suffer from significantly fewer 
depressive symptoms measured with the BDI scale, i.e. the recovery from somatic illness ben-
eficially affects the mental status. This means the need to discriminate patients with more pure 
somatic disease, which also reflects an increase in their depressive scales, from patients with 
depression, which reflects worse results in OMs. In the former case, the curative surgery is the 
treatment of choice when an indication exists. In the latter case, the initial adequate diagnosis 
of depression, and if depression is present, treatment of the depression would be the treatment 
of choice before surgical interventions. However, in our study group, all patients had symp-
tomatic and radiologically confirmed LSS. Randomized trials are needed to examine wheth-
er preoperative diagnosis and treatment of depression would 1) lessen the need for surgical 
treatment of these patients, and 2) improve the surgical outcome among operated patients. 
The presence of depression even after adequate diagnostic methods are applied should not 
explicitly mean denying surgery, especially when severe symptoms with coherent radiological 
finding are present. The adequate treatment of somatic illness can be regarded as a supporting 
factor for the healing of depression, regardless of its aetiology. With depressive patients hav-
ing less severe LSS, the initial treatment of depression and possible re-evaluation for surgery 
should be considered. This precedes multidisciplinary collaboration between psychiatric and 
operative clinics for optimal implementation and timing of treatment. The more clear the pa-
tient’s somatic symptoms are, with disability and radiological evidence of stenosis, the more 
cautious the doctor should be in the inadequate prolongation of conservative treatment. This 
study II would achieve a status of high quality according to the quality scale used in study I. 
6.6 SIGNIFICANCE OF OTHER IDENTIFIED PREDICTORS 
In the study III we assessed the predictive value of sixteen predictors, grouped as six patient-
related predictors, four predictors for self-rated health and comorbidity, and six predictors for 
preoperative treatment. The predictors were first tested separately against OMs in univariate 
analyses. The predictors with a significance level <0.1 in univariate analyses were admitted to 
the final multivariate model, which was done separately with both OMs. The aim was to iden-
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tify predictors for real satisfaction and a good (over 30%) improvement in the ODI. As a result, 
novel predictors in LSS were identified for the first time. A younger age has been reported ear-
lier to predict better postoperative walking ability, but without any cut-off. In our study, age < 
75 years (at operation) predicted better satisfaction with an OR > 4. We also tested other cut-offs 
such as over/under 60, 65 and 70, and 80 year, with no significant result. However, despite the 
inferior satisfaction of the population aged over 75 years, these older patients enjoyed the same 
degree of good improvement in the ODI. The cut-off age of 75 years should be interpreted with 
caution and confirmed in further LSS studies. In study II, older age also predicted more severe 
postoperative symptoms. This is also a novel finding, and in the latest reports an older age has 
been associated with poorer walking performance (Tomkins-Lane et al. 2012), disability and 
satisfaction (Keorochana et al. 2011), but not particularly with symptom severity. 
PLO has often been regarded in clinical practice as a negative predictor, raising the thresh-
old for further surgery. There was, however, no evidence for this in earlier published prospec-
tive studies. PLO patients had inferior satisfaction in this study; however, only one reported 
“no change” and another experienced at least a slight improvement, providing evidence that 
reoperation relieved symptoms up to the 2-year follow-up. The most important predictor was 
the preoperative duration of regular analgesic use: regular analgesic use for less than one year 
predicted good improvement in disability. This finding is important when considering the op-
timal timing of the LSS operation. If there is an analgesic need for back and/or radiating pain 
in LSS on a regular basis for over a year, the possibility of a good improvement in disability 
decreases. This finding provides another predictor for postoperative functional ability, in addi-
tion to preoperative depressive symptoms and the depressive burden score. Our shortcoming 
was that we did not enquire about the duration of preoperative symptoms. The longevity of 
symptoms and duration of the use of analgesics are probably associated, despite the fact that 
the duration of symptoms is likely to be longer than the need for regular analgesics. Thus, the 
preoperative duration of symptoms, as already earlier reported (I), may be another important 
predictor, but the regular consumption of analgesics may even better reflect the presence of 
persistent and severe symptoms needing operative decompression with a reasonable time 
window to prevent irreversible neural damage.
The regular consumption of analgesics in central stenosis predicted more postoperative 
pain (Jönsson 1993). Our frequency variable (a few times a week or less vs. almost daily or all 
the time at maximum dozes) remained at a nonsignificant level.
Self-rated health above the average, i.e. good or quite good, predicted a good improvement 
in the ODI compared to patients who stated their health as being “average”, “quite poor” or 
“poor”.  This finding was reported for the first time in LSS by Katz et al., who measured sat-
isfaction with a four-item scale (excellent-good-fair-poor; Katz et al. 1999). Excellent or good 
preoperative self-rated health better predicted the postoperative walking capacity, a greater 
level of satisfaction and fewer symptoms. In study III, the univariate analysis also revealed 
an association with satisfaction (study III; Table 1A).  What is a mechanism underlying bet-
ter self-rated health? It has been suggested that the independent effect of self-assessed health 
might result from the respondents’ personal knowledge of current morbidity, incipient health 
problems, or other factors that influence outcomes (Idler and Kasl 1991).
Smoking has been found as a negative predictor for the outcome after lumbar disc hernia-
tion surgery (Mannion and Elfering 2006) and lumbar fusion (Loguidice et al. 1988, Hanley 
and Levy 1989; Glassman et al. 2000, Andersen et al. 2001), but there has been no predictive 
value in earlier prospective LSS studies (Amundsen et al. 2000, McGregor and Hughes 2002, 
Spratt et al. 2004).  At the same time as a Swedish register LSS study (Sandén et al. 2011), our 
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finding reveals that non-smoking individuals, including patients who have stopped smoking 
before surgery, have an odds ratio of over three for enjoying a good functional improvement 
(ODI). Only three of the fused patients were smokers, so in this population the effect of nico-
tine on the revascularization of the bone grafts (Daftari et al. 1994) did not explain the worse 
result. The smokers in this population had the same degree of depressive symptoms as non-
smokers (data not shown). An effect of nicotine in causing disc degeneration (Battie et al. 1991) 
and pain modulation (Rogers and Iwamoto 1993) can be the possible explanatory factors for a 
worse functional outcome. In the cohort study based on the Swedish spine register by Sandén 
et al., 4555 patients were enrolled, and 758 (17%) were current smokers at the time of surgery. 
Smokers had an inferior health-related quality of life at baseline. Nevertheless, adjusted for 
differences in baseline characteristics, the OR for a smoker to end up dissatisfied at the 2-year 
follow-up after surgery was 1.79 (95% CI 1.51–2.12). Smokers were more regular users of analge-
sics (OR 1.86; 95% CI 1.55–2.23). The walking ability was less likely to be significantly improved 
in smokers with an OR of 0.65 (95% CI 0.51–0.82). Smokers also had an inferior quality of life 
after taking differences before surgery into account, either when measured with the ODI (p 
< 0.001) or some other outcome measures. The differences in results between smokers and 
non-smokers were evident, irrespective of whether the decompression was performed with or 
without spinal fusion (Sandén et al. 2011).
Other patient-related factors (obesity, gender, marital status and education) had no predic-
tive value (III), being in line with earlier results in study I. 
With respect to comorbidities, the number of comorbidities had no effect on the outcome at 
the two-year follow-up, being in line with earlier studies with minimum follow-ups of 2 year; 
only in a six-month follow-up has overall comorbidity been reported as significant. Diabetes 
also did not predict the outcome. Furthermore, “comorbidity affecting walking ability” had 
no predictive value, whereas Jönsson reported its effect on the five-year outcome (Jönsson and 
Annertz 1997b). Unlike ours, their variable also included cardiopulmonary and neurological 
diseases, and their subgroup of patients having this condition (22%) was greater than ours 
(9.8%). However, when we tested a multivariate model with predictors that had a significance 
level p < 0.2 in univariate analyses, comorbidity affecting walking ability also became signifi-
cant (p < 0.047), predicting worse satisfaction. Other preoperative treatment, except PLO (yes/
no), had no effect on the outcome.  A higher income was also a strong predictor in a study by 
Katz et al. (1999). We did not ask the income, and the majority of our patients were retired. 
However, education, which generally has an association with income, had no predictive value. 
Concerning the cut-off points for OMs, an improvement of over 30% in the ODI and “real 
satisfaction”, i.e. that patient felt the condition had been totally cured or at least condition con-
siderably improved compared to the preoperative stage, ensured the determination of clear pre-
dictors, increasing their meaning in clinical practice as a part of single patient evaluation. 
These cut-offs also enabled appropriate group sizes in statistical analyses. We delimited OMs 
with functional ability and satisfaction in the analyses, which is a limitation of this study. 
The predictors for postoperative pain are also important, because early identification of the 
predictors in patients at risk of postoperative pain will allow more effective intervention and 
better management (Ip et al. 2009). The main limitation is, as in predictor studies in general, 
that the predictors cannot be used as a direct indication (or in the case of negative predictors, 
a contraindication) for surgery.
When trying to exploit predictors in spine surgery, the crucial question is whether the 
surgery will improve the used OMs, when the predictor is present preoperatively? If not, the 
predictor can be considered neutral with respect to the OM in question. If surgery worsens 
43
the used OM postoperatively, the predictor can be considered negative with respect to the OM 
in question.  
However, if the objective is to study (determine preoperatively) who will benefit (or will not 
benefit) from surgery, i.e. which are the predictors for a good to excellent (or poor) outcome, 
one should include preoperative measurements in the analyses. This takes into account the 
real change in OMs, which should be found if surgery is effective. Study III would have meth-
odologically scored a minimum of 9 points (69%), reaching a high quality status according to 
the quality scale used in study I.  
6.7 METHODOLOGICAL ASPECTS IN POSTOPERATIVE REHABILITATION
Our results clearly support the concept that postoperative rehabilitation does not affect the 
outcomes measured by classical clinical OMs used in spine surgery. Our intervention included 
quite uniform training methods, based on the principles of conservative treatment of LSS in 
the literature with experienced personnel at Kuopio University Hospital DPRM. The activation 
and stretching of muscles, contributing to stability and the posture of the lumbar spine, can be 
regarded as a “golden standard”. The individual modification also allowed physiotherapist the 
possibility to increase or modify the exercise in order to avoid or relieve residual symptoms, 
or when an increase or decrease in the exertion was needed. 
The principle in training was thus conventionally to improve the postoperative functional 
ability. With muscle stretching the aim was to improve and sustain a range of movements of 
the lumbar spine and hips. With strengthening exercises, the aim was to increase the power 
and endurance of the back, abdominal and thigh muscles. The relief of any residual symptoms 
was the goal, in addition to improving functional ability. The mechanism of relieving symp-
toms in the rehabilitation group can be regarded as being the increased stability of the lumbar 
spine, thus producing fewer symptoms due to instability. Exercises can be regarded to dimin-
ish muscle spasms, and to increase circulation and thus metabolism in lumbar structures, 
thereby enhancing postoperative healing, and also to reduce degenerative changes or promote 
healing of the discs and other possible structures causing pain. Moreover, the stretching of hip 
flexors (rectus femoris and iliopsoas muscles) may diminish hyperlordosis and increase the 
spinal reserve capacity, and thus the functional ability of the lumbar spine.
The intensity and duration of the rehabilitation program can be considered sufficient: super-
vised once-a-week (á 1.5 hours) physiotherapy guidance started three months postoperatively, 
and lasted for 12 weeks. At the two first visits, patients began the stretching and strengthening 
home exercises. Stretching was recommended to be performed once a day, and there were a 
minimum of four different types of stretchings. Strengthening exercises had a minimum in-
tensity of three times a week, and there were at least three different types of exercises. The 12 
guidance sessions were repeated one year postoperatively, in order to check the appropriate-
ness of the training protocol and to motivate the patients to continue training.
The traditional surgical OM of a single rating scale (excellent, good, fair, and poor) is no 
longer sufficient (Deyo et al. 1998). The different dimensions in measuring the outcomes of low 
back pain are symptoms, functional status, overall well-being and work disability (Patrick et al. 
1995). Here, our main aim was to assess whether is there any effect on postoperative functional 
disability, and also walking ability, satisfaction and back and leg pain.  The power calculation 
was carried out in order to determine both statistically and clinically significant functional re-
sults. Many conclusions from studies on exercise therapy for chronic LPB have been based on 
the statistical significance of results rather than their clinical importance, and may consequently 
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have been too positive (van Tulder et al. 2007). The importance of also reporting the clinical 
significance was addressed.  According to Mannion et al., an 18% reduction in the presurgery 
score, or approximately a 10-point change in the ODI can be considered as indicating a good 
outcome after spinal surgery. Our presumed 12-point change as the target of the rehabilitation 
intervention ensured the clinical and statistical importance in this study. The limitation is that 
the number of study groups did not allow the detection of possible minor statistical significance. 
This is, however, not likely according to the relatively stable courses of all OMs. 
6.8 SUMMARY OF THE DISCUSSION
Based on the best prospective literature and studies II–III, this study has increased our knowl-
edge of predictors of the surgical treatment in LSS. Based on the systematic review, many 
significant predictors were presented, but the outcome-specific evidence for single predictors 
was scarce. In other words, a particular predictor mostly proved to be significant for one OM 
in one article only. This may due to the fact that prospective studies mostly began in the 1990s. 
In addition to verifying the significance of these factors in further studies, the mechanisms by 
which the predictors in question affect the outcome are a focus of interest. By understanding 
these mechanisms, it could be possible to modify the predictor or true factor behind the indica-
tive predictor towards the desired outcome. In the optimum model, all values of the pre-, per- 
and postoperative factors influencing the OM in question should be available. Controlling and 
measuring all factors influencing the outcome is not possible in surgical treatment. However, 
increasing knowledge of the predictors, i.e. identifying, determining and measuring predic-
tors having an effect on the outcome, enables the development of models that can increase the 
probability of achieving the desired outcome (Spratt et al. 2004).   
One predictor can predict one or more OMs (I). If an OM predicts in a specific way pain, 
walking ability, disability and satisfaction, but not a combination of them, the predictive value 
of the predictor in question is outcome-specific. However, one predictor could predict several 
OMs.  Self-rated health (Katz et al. 1995) was a wide predictor, predicting postoperative symp-
tom severity, satisfaction and walking ability. However, this finding could not be reproduced 
with different scales for satisfaction (III). Thus, the scale of the OM should also be noted. The 
predictive value may be strong or weak (but still statistically significant). A weak predictor has 
less importance, especially with a single patient. 
The determination of both the predictor and OM is important. Binary predictors, for ex-
ample male/female or age over and under 75 years, are easy to handle because definitions are 
clear. In the same way, if the definition of a good (or bad) outcome is clear, the studying of the 
predictor is easy when the sample size is sufficient. Continuous parameters without cut-off 
points for both predictors and OMs are probably more difficult from a clinical perspective. 
Depressive symptoms were a notable predictor in the review, and this was also demonstrat-
ed in study II. Further studies are needed to identify those patients whose symptoms could be 
relieved by treating possible depression, and also those patients with depressive patients who 
do not benefit from surgery.  The regular preoperative use of analgesics less than one year and 
no smoking were shown for the first time to be positive predictors of a good improvement in 
postoperative functioning in LSS.  A previous lumbar operation was also demonstrated for 
the first time to be predictor of worse satisfaction, in addition to older age. In the last study, 
postoperative rehabilitation was revealed to not improve the postoperative outcome, which is 
a notable finding regarding the routine use of physiotherapy resources in association with the 
increasing frequency of surgical treatment of LSS in western countries.    
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7 Conclusions and recommendations
I
The systematic review established the clinical outcome predictors for LSS reported in the 
literature. There were more predictors for postoperative pain/symptoms (9), satisfaction (9) 
and walking ability (6). Postoperative disability, which is often the main OM, had only three 
predictors on six-month follow-up: less comorbidity, more ambitious expectations of physical 
function and dural-sac cross sectional area < 70mm2 were independent predictors of better 
postoperative functional ability. 
Fewer preoperative depressive symptoms, less cardiovascular comorbidity, better self-rated 
health and a higher income independently predicted better postoperative symptoms, satisfac-
tion and walking ability, thus being the predictors most widely affecting three types of OMs.
A better preoperative subjective walking ability predicted better postoperative satisfaction 
and subjective walking ability.
A longer duration of symptoms in lateral stenosis predicted worse postoperative symptoms 
in two studies by the same first author. The other predictors for worse symptoms were scolio-
sis, spinal canal AP diameter > 6mm in myelography, other disease affecting walking ability 
and greater expectations regarding pain relief.
A younger age and male gender independently predicted better postoperative walking 
ability.
Better satisfaction was also predicted by more ambitious expectations of physical function, 
no unrealistic expectations concerning the surgical outcome, less extensive medical comorbid-
ity and less back pain.
II        
The findings of this study strongly suggest that depression in LSS patients should not be ig-
nored in any phase of the treatment period. Preoperative and persistent postoperative depres-
sive symptoms may indicate those patients at greater risk of a poorer postoperative outcome. 
Treatment models that include the use of depression scales and appropriate treatment practises 
are called for. The novel finding was also that an older age associated with worse symptom 
severity.
III
This study represents novel preoperative predictors for the clinical outcome in LSS. When a 
patient with severe LSS needs regular analgesic treatment preoperatively, our initial result indi-
cates that continuing with this conservative care for over one year may be inadvisable if there 
is an indication for surgery. Self-rated health (over average) and non-smoking also predicted good 
postoperative functional improvement.
Age < 75 years and no previous lumbar operation both predicted good postoperative satisfac-
tion. In order to optimize the satisfaction, the physicians should discuss the patient’s expecta-
tions and the goal of surgery, especially with patients over 75 years, or when the patient has 
already undergone a previous lumbar operation. 
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IV
After LSS surgery, routinely performed outpatient rehabilitation, consisting of physiotherapy 
guidance with strengthening and stretching muscle exercises at home, did not improve the 
functional outcome in a two-year follow-up. In addition, there seemed to be no impact on pain, 
satisfaction or walking ability. 
This thesis strengthens the knowledge base of predictors in LSS, also revealing novel, out-
come-specific predictors for disability, satisfaction and symptom severity. However, there is 
still a need to strengthen scientific evidence of the outcome-specific predictive value of dif-
ferent predictors on the way towards a more predictable postoperative outcome.  Thus, the 
use of all relevant outcome measures is still recommended when studying the predictors of 
LSS. Further studies are needed to explore the effect of preoperative treatment of depressive 
symptoms: Is it possible, with adequate diagnosis and treatment of depression, to improve 
the postoperative outcome or even avoid the operation in some cases? Routine postoperative 
outpatient rehabilitation among the increasingly aging population, which will require more 
LSS operations in the future, should be avoided, thus saving resources for those cases where 
a particular indication for postoperative rehabilitation can be confirmed. Further studies are 
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Stretching and strengthening exercises for A-group (supervised by physiotherapist) 
All the given exercises were modified so that patient was able to perform them at home without 
help of physiotherapist. The home exercise program consisted normally minimum four stretching 
exercises (stretchings 1-4 below) and minimum three strengthening exercises (exercises 5-7 below). 
Verbal and written advice (Physiotools Version 3.0, Physio Oy, 1998, Tampere, Finland) for exercises 
was given.  If first exercise (A) was inappropriate, an alternative exercise was guided by 
physiotherapist. If first exercise considered insufficient to increase stretchability/strength, one or 
more supplemental exercises were guided by physiotherapist. Alternative/supplemental exercises 
are described in text and some (not all) in figures B-D.  
Stretching exercises  
The recommended frequency at home was once a day.  
1) Quadriceps femoris muscle (Figure 1A): In standing position, the foot (stretching side) was 
placed backwards on the chair with the knee flexed. Then the flexed knee was laid on the floor, and 
increasing flexion of the knee and extension of the hip in stretching side increased stretching of the 
anterior thigh muscles. The alternative/supplemental stretching (Figure 1B): lay on the side (e.g. at 
the bed) with the knee flexed. Take a grip with the hand of the superior ankle, and pull the ankle 
against the gluteal region. 2) Iliopsoas muscle (Figure 2): The subject was asked to bend in the erect 
position and place the knee of the stretching side against floor (extremity backwards with hip 
extension); the other extremity forwards, hip and knee flexed and sole against floor, placing hands 
above the knee giving balance support, and then asked to tense abdominal muscles, rotate leg (calf) 
of the extended extremity laterally; tense gluteal muscles, and move the weight to the anterior lower 
extremity. 
3) Hamstring muscles (Figure 3A): The subject was asked to sit on the edge of the table, and place 
the sole of opposite lower extremity against floor and stretching side extremity horizontally on the 
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table (hip flexion of stretching side being about 90 degrees). He/she then bent the trunk forward in 
the direction of the horizontal extremity. The alternative/supplemental stretching (Figure 3B): At 
supine position (bed or floor), the subject should hold the opposing lower extremity straight, and 
pull the knee of the stretched side with both hands against chest (with knee flexed, making less 
stretching for hamstrings, especially if patient had neural tension of n. ischiadicus). 
4) Low back muscles (Figure 4): In the sitting position, the subject was asked to lower the trunk 
down to the space between the lower extremities with maximal lumbar flexion (kyphosis) and 
support with hands (from legs or floor), so as they experienced stretching in the lower back. Lateral 
bendings were also considered. 
The strengthening exercises  
The A-group was advised to perform given exercises at the beginning 2 times per week, and if 
suitable, then at 3-5 days per week. The number of repetitions in strenghtening exercises was 60% 
of maximum repeats.  
5) Abdominal muscles (Figure 5A): started in supine position, with knees 90 degrees and feet on the 
floor; the hands behind the neck. Tense abdomen, raise head and shoulders so that shoulder blades 
became detached from the floor.   
The alternative/supplemental exercises for abdominal and hip flexor muscles: 5.1) additional 
weights 5.2) in the supine position the subject placed the hands behind neck, tensed the abdomen, 
placed the opposite elbow and knee together above the abdomen (oblique abdominal muscle 
exercises; Figure 5B) 5.3) in supine position with a pillow placed under the lumbar area, and the 
fingers crossed behind the neck. The subject was asked to raise the elbow and upper trunk upwards 
so that shoulder blades became detached from the floor. The subject was asked to tense the 
abdomen, pull the navel towards the spine (Figure 5C).  
6) Thigh- and gluteal muscles: From the standing position, subject squatted to a sitting level, which 
was arranged so that the knees were at 90 degree flexion and thighs horizontally; the use of the 
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upper arms was not allowed. The alternative/supplemental exercises: 6.1) additional weights 6.2) 
the subject was asked to stand straight and take a step forward, and move his/her weight to the 
foremost extremity and to return to the starting position by using the foremost extremity. He/she 
had to keep the abdomen tense. 6.3) squatting movement to lower level so that knees were at >90 
degrees. 
7) Back-, gluteal- and hamstring muscles (Figure 7A): from supine position; knees approximately 
90 degrees flexed and soles on the floor, lift pelvis maximally. The alternative/supplemental 
exercises (Figure 7B): 7.1) from supine position; knees approximately 90 degrees flexed and soles 
on the floor, lower extremities together: Tense and pull abdomen inward; tense gluteal muscles. 
Keep back straight, lift pelvis a bit from the floor. Move weight to another foot, and extend another 
knee. Do not let pelvis rotate or lean. Return slowly to starting position. 
7.2)“All fours” –starting position. Tense abdomen and raise the lower extremities horizontally in 
turn (Figure 7C).  7.3) “All fours” – starting position. Raise opposite upper and lower extremity at 
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